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The reactions induced in Ameba by mechanical shock are re- 
markably like those brought about by sudden illumination (Folger, 
’25, 26). In both cases the response consists of a cessation of 
movement, the animal remaining inactive for a short time, then 
resuming locomotion. In both cases a short period intervenes be- 
tween the application of the stimulus and the response, and this 
period, the reaction-time, varies directly with the magnitude of 
the stimulation, becoming shorter as the latter increases; while 
the time during which the amoeba is inactive, the period of qui- 
escence, likewise dependent on the magnitude of the stimulus, be- 
comes longer with increase of the latter. Moreover, in both in- 
stances a certain amount of time must elapse after a stimulus has 
been applied before the amceba will respond to a second stimulus. 
Thus, an exposure to light of sufficient duration to bring about a 
response must be followed by an absence of light or at least by a 
lowered intensity for a certain amount of time before the amoeba 
will again respond to an increase in illumination. This occur- 
rence of a period during which the ameeba is apparently revert- 
ing to the condition it was in before stimulation, which I have 


called the period of recovery,” and the fact that a recovery occurs 


1 Contribution from the Zodlogical Laboratory of the University of 
Michigan. 

2 The term recovery has been used here simply because it is descriptive; 
refractory period has been employed and in the case of light dark adaptation. 
Recovery should not be confused with the resumption of protoplasmic flow 
by the amoeba. The animal may have resumed locomotion and be moving 
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after a mechanical shock as well as after sudden illumination, is 
of value and has been used, as we shall see presently, for a study 
of the relationship which exists between the reactions caused by 
mechanical shock and those brought about by light. 

In a study of the influence of light on Ameba (Folger, ’25) 
the question occurred: since the animal must recover from the 
effects of a sudden illumination before it will again respond to 
sudden illumination, must it also recover from the effects of a 
mechanical shock before it will respond to sudden illumination? 
The answer was clearly an affirmative one. In many instances the 
mechanical shock entirely inhibited a response to a sudden in- 
crease in luminous intensity, when the latter was applied shortly 
afterward. In these instances, however, the shock was brought 
about by moving the coverslip with the tip of a lead pencil, a 
method which, while it did produce undoubted results, is ex- 
tremely crude. As a better means for controlling mechanical 
shock has since been used, the experiment dealing with the effect 
of this stimulus on the response to sudden illumination has been 
repeated and the results are presented in the following pages. 

Moreover, if a mechanical shock preceding sudden illumination 
influences the response to the latter, the question also arises, is the 
reverse true? Does sudden illumination affect the response to 
mechanical shock? The results of experiments designed to an- 
swer this question are also set forth in this paper. 


MATERIALS AND METHOpsS. 


Specimens of Ameaba proteus were used in the experiments, 
raised in small glass vessels containing a culture solution formed 
by adding raw hay to distilled water. Large and active individ- 
uals were selected for experimentation. 

Two sets of apparati were employed, one to bring about sudden 
illumination, the other to cause a mechanical shock. The latter 


was obtained by allowing a copper wire, weighing about 300 mg., 
to drop through a glass tube, 68 cm. in length, which was sup- 
ported by a stand and clamps in such a manner that the weight 


rapidly and still not have “recovered” from the effects of stimulation as 
indicated by the fact that it fails to respond to a second exposure to illumi- 
nation. 
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struck one end of the slide containing the amoeba. Light was 
procured from a 1,000-watt, 112-volt, cylindrical Mazda stere- 
opticon lamp, and flashed upon the amceba by means of the plane 
mirror of the microscope, set at an angle of 45 degrees. An in- 
tensity of about 16,000 meter candles was employed. To observe 
the organism when it was not illuminated by the strong light use 
was made of a Spencer miniature substage lamp. 

The amceba to be experimented on was placed in a drop of 
water on a glass slide, within a ring of vaseline, and beneath a 
thin coverslip which was supported on one side by a small glass 
rod. The microscope was so arranged that when the amoeba was 
in position under the lens, light could be flashed upon it or a 
mechanical shock applied at the will of the investigator, and the 
effect of one stimulus upon the other noted. 


EXPERIMENTAL RESULTs. 
Table I. illustrates the effect of mechanical shock upon the re- 


Taste I. 


ILLUSTRATING THE EFFECT OF MECHANICAL SHOCK UPON THE RESPONSE TO 
SuppDEN ILLUMINATION. 





In each trial the amoeba was exposed to strong illumination, and in every 
other one it was subjected to a mechanical shock before being illuminated. 
Three minutes were allowed between tests. 

Number of No 


Trials. Reactions. 
RO GINS 6 6 oi. oso acs Hans wetccsweccosece 5 o 


Sudden illumination following shortly after a mechanical 
Yaa Phick mo oes ecsele Maead Raatedamieaeaexwe we aials 4 














sponse to light. The experiment from which the data in this 
table were derived consisted of a number of tests, in each of which 
the amceba was exposed to strong illumination, and in every other 
one of which it was subjected to a mechanical shock before being 
illuminated. This shock was of sufficient magnitude to cause a 
cessation of movement, and the animal was exposed to light im- 
mediately on the resumption of flow. An interval of three min- 
utes between tests permitted a recovery from the effects of previ- 
ous stimulation. As shown in the table the ameeba failed to re- 


spond to light 4 times out of 6 trials when a mechanical shock 





408 HARRY THOMAS FOLGER. 


preceded the exposure to illumination, while it responded 5 times 
out of 5 trials when previous stimulation by mechanical shock was 
lacking. These results are entirely in accord with previous ob- 
servations and leave no doubt that mechanical shock does affect 
the response to light. 


Table II. is the record of an experiment in which the procedure 


Taste II. 


SHOWING THE EFFECT OF SUDDEN ILLUMINATION UPON THE RESPONSE TO 
MECHANICAL SHOCK. 


In each trial the animal was subjected to a mechanical shock, and in every 
other one it was illuminated before being exposed to shock. Three minutes 
were allowed between tests. 


Se —s 


Individ- ; Number | No Re- 
ual No. }of Trials. | actions. 





I Mechanical shock alone 
Mechanical shock following immediately after | 
sudden illumination... . 





Mechanical shock alone 





Mechanical shock following immediately after 
sudden illumination. 





Mechanical shock alone . 





Mechanical shock following immediately after | 
sudden illumination 





Mechanical shock alone... 


Mechanical shock following immediately after 
sudden illumination 





Mechanical shock alone. . 





Mechanical shock following immediately after | 
sudden illumination. 





in the experiment just described was reversed. Here tests in 
which the animal was stimulated by illumination and immediately 
on the resumption of movement given a mechanical shock alter- 
nated with tests in which a mechanical shock alone was used as 
the stimulating agent. As shown in the table, individual No. 1 
reacted 5 times out of 5 trials when stimulated by mechanical 
shock alone, while it reacted to the same stimulus only 3 times 


out of 6 trials when the mechanical shock was preceded by ex- 
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posure to light. Individual No. 2 reacted 5 times out of 6 trials 
when subjected to mechanical shock alone, and only 4 times out 
of 8 trials when the mechanical shock was preceded by illumina- 
tion. Altogether, the 4 animals used in the experiment responded 
to mechanical shock 19 times out of 21 trials when this stimulus 
did not follow an exposure to light, while they failed to respond 
to it 16 times out of 26 trials when it did follow illumination, thus 
indicating that exposure to light does influence the response to 
mechanical shock. Even more convincing, however, are the re- 
sults of an experiment to be described in the next paragraph. 

It has already been shown (Folger, ’26) that the length of time 
that an amoeba remains inactive after stimulation by a mechanical 
shock is markedly affected by the length of time that has elapsed 
since a previous mechanical shock, and that, within limits, this 
quiescent period increases with increase in the length of time since 
the previous stimulation. Thus, the period of quiescence result- 
ing from a mechanical shock which follows 30 seconds after a 
preceding similar shock is not likely to be nearly so long as that 
brought about by a shock following after an interval of 60 seconds. 
Table III. records an experiment in which somewhat similar re- 


Taste III. 
SHOWING THE Errect oF LiGHTt oN MECHANICAL SHOCK. 


In each test the amoeba was first exposed to light and then allowed to re- 
cover from the effects of this stimulus for the time indicated in the table, 
after which it was subjected to a mechanical shock. The period of qui- 
escence, recorded in the last column, consists of the time during which the 
amoeba was inactive after it had been subjected to a mechanical shock. 








Time Allowed for Recovery Average Period 
Between Sudden Illumination Reactions. | No Reactions.| of Quiescence 
and Mechanical Shock (Sec.). (Sec.). 


I 


wt 


mm COM 


2 
3 


mw 


2 4. 
3 5- 
4 Oo 9 
2 oO. 


N 
° 


sults were obtained, but in which the organism was first stimulated 
by light and then by mechanical shock. From the table it is seen 
that the amoeba reacted only twice out of 4 trials when 15 seconds 
were allowed for recovery between stimulation by light and by 
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mechanical shock, and that the period of quiescence amounted to 
4.5 seconds. Twenty seconds for recovery resulted in 3 reac- 
tions out of 3 trials, with an average period of quiescence of 5.8 
seconds, 25 seconds for recovery resulted in 4 reactions out of 4 
trials, with an average period of quiescence of 9.1 seconds, and 
35 seconds for recovery resulted in 2 reactions out of 2 trials, 
with an average period of quiescence of 20 seconds. 

Thus it appears that not only does sudden illumination affect the 
response of an amceba to mechanical shock, but that it has pre- 
cisely the same effect as another mechanical shock. 


DISCUSSION. 


A similarity of response to various kinds of stimuli has been 
noted in other organisms. Ewart (’03) has collected considerable 
data concerning protoplasmic streaming in plant cells, especially 
in the cells of Chara and Nitella. He and others have found that 
the cells react in a very characteristic way to various stimulating 
agents, the response consisting, just as in Ameba, of a temporary 
cessation of movement. The best quantitative results were ob- 


tained by means of a mechanical shock, brought about by drop- 


ping a weight on the coverslip beneath which the streaming cells 
had been placed. By using weights of various sizes a gradation 
in the magnitude of the shock was possible. Ewart discovered 
that streaming did not stop immediately on application of the 
stimulus, but after the intervention of a reaction-time, which was 
longer after a light shock than after one of greater magnitude and 
which in the event of a sub-minimal stimulus might amount to 7 
or 8 seconds. He found, furthermore, that the time during 
which movement remained suspended likewise depended on the 
magnitude of the shock, streaming recommencing much sooner 
after a slight shock than after a heavy one. Various other stimu- 
lating agents, including light, heat, electricity, and change in con- 
centration of the surrounding medium, gave very similar results, 
although in no instance was so accurate a quantitative measure- 
ment obtained as with mechanical shock. Ewart+also noted that 
the application of one kind of stimulus may tend to inhibit the 
response to another kind. 
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The refractory period used as a basis for the experiments pre- 
sented in this paper, during which recovery from the effects of 
previous stimulation occurs, has long been known, especially when 
light has been used as the stimulating agent. In this case the 
term dark adaptation has been used. An animal must be dark- 
adapted before it will respond to illumination. This necessity for 
dark-adaptation has led to an explanation*of the response to light 
which involves the presence in the organism of a substance cap- 
able of a reversible photochemical reaction (Mast, ’07; Hecht, 
18). The reaction is thought of as being initiated by the con- 
version of a photosensitive substance into its precursors, and dark- 
adaptation as the reforming of this substance from the precursors. 

As we have just seen, however, recovery from the effects of a 
mechanical shock may be necessary before a response to sudden 
illumination is possible, and it would therefore seem that the same 
processes are involved in the refractory periods which follow the 
two types of stimuli. If so, since a photochemical reaction can- 
not occur in the case of mechanical shock, it is evident that in 


Ameba, at least, dark-adaptation must consist of something be- 


sides the reforming of a photosensitive substance from its pre- 
cursors. 


SUMMARY. 


1. Ameba responds both to mechanical shock and to sudden 
illumination by a cessation of movement, which does not take 
place immedijately on stimulation, but after a considerable reaction- 
time. 

2. In both cases the reaction-time depends upon the magnitude 
of the stimulus, becoming longer as the intensity of the stimulat- 
ing agent increases. 

3. In both instances the time during which the ameeba is in- 
active also depends upon the magnitude of the stimulus, becoming 
longer as the latter increases. 

4. After an amoeba has been exposed to light it is necessary 
that a certain interval of time elapse before it will again respond 
to sudden illumination. Likewise, after a mechanical shock the 
amoeba must be allowed time for recovery before it will respond 
to a second shock. 
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5. After a response to light time must be allowed for recovery 
before the amceba will react to mechanical shock and vice versa. 
6. The effect of one kind of stimulus upon a response to an- 


other kind leads one to infer that the processes occurring during 


the refractory periods following the reactions caused by mechani- 
cal shock and by sudden illumination are basically the same. 
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CHROMOSOME NUMBERS IN THE GENUS BURSA. 


SAMUEL E. HILL, 


PRINCETON UNIVERSITY.1 


In a recent paper, Shull divides the genus Bursa into two 
groups on the basis of genetical studies. The Bursa-pastoris 
group includes six species and two subspecies, as follows: Bursa 
bursa-pastoris (L.) Britton, B. bursa-pastoris apetala (Opiz), B. 
Heegeri (Solms-Laubach), B. occidentalis Shull ined., B. occi- 
dentalis madeire Shull ined., B. orientalis Shull ined., B. djur- 
djure Shull ined., and B. penarthe Shull ined. The Rubella 
group includes four species, as follows: B. grandiflora (Bois.), 
B. rubella (Reut.), B. Viguieri (Blaringhem), and B. tuscaloose 
Shull ined. 


Crosses between members of the same group yield more or less 


fertile F, hybrids. Crosses between any species of one group and 
any species of the other group yield sterile hybrids in the F,. 
Duplication of factors for certain characters is found in the Bursa- 
pastoris group of species, but not in the Rubella group. 

Rosenberg (1904) had reported the haploid number of chromo- 
somes of Bursa bursa-pastoris to be 16, and the diploid number to 
be 32. These counts were confirmed by Laibach (1907). Mar- 
chal (1920) reported 16 haploid chromosomes for Bursa Heegeri, 
and 8 haploid chromosomes for Bursa Viguieri. Knowing that 
two members of the Bursa-pastoris group possessed 16 haploid 
chromosomes, and that one member of the Rubella group pos- 
sessed 8 haploid chromosomes, Shull suspected that the cause for 
the inter-sterility of these two groups might lie in a difference in 
chromosome number between the two groups. Since rather un- 
usual opportunities were offered for securing material from Pro- 
fessor Shull’s pedigree cultures of Bursa, I undertook a cytologi- 
cal examination of the various species of the two groups. 

The cells selected for study were the pollen mother cells, since 
at the maturation divisions they offer relatively large cells with the 

1 This investigation was carried out principally in the cytological labora- 
tories of Princeton University. 
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reduced number of chromosomes, and can always be recognized. 
The material was fixed in Carnoy’s acetic-alcohol-chloroform, and 
stained with Heidenhain’s iron hematoxylin. No counterstain was 
used. The maturation divisions apparently consume very little 
time, for metaphase stages were never found in material which 
was fixed later than five minutes after collection. Since the buds 
are very small, dissecting out the anthers in this limited time was 
impracticable, so all of the unopened buds of a raceme were fixed 
at once. The raceme was then sectioned, usually at 6 micra. The 
cells at the time of the first maturation division are about 10 
micra in diameter. It was possible to find cells cut at right angles 
to the spindle, so that the metaphase chromosomes were disposed 
in a horizontal plane. Counts were made in all of the species of 
the Rubella group. Marchal’s count of 8 haploid chromosomes 
for Bursa Viguieri was confirmed, and 8 haploid chromosomes 
were found in the other three species. In B. grandiflora the 
diploid count also was made, and found to be 16, but somatic 
counts were not made for the other species of this group. In the 
Bursa-pastoris group not all of the species were counted, as sev- 
eral were unavailable, and in one available species no count was 
made. Rosenberg’s count of 16 haploid chromosomes, 32 diploid 
chromosomes for B. bursa-pastoris was confirmed, and 16 haploid 
chromosomes found for B. occidentalis, B. orientalis, and B. bursa- 
pastoris apetala. As far as counted, these two groups are as 
sharply divided on the basis of chromosome numbers as on the 
results of breeding experiments. 

We may tabulate the chromosome numbers in the genus Bursa 
as follows: 











| Haploid. | Diploid. Author. 





& 


. bursa-pastoris (L.) Britton 16 32 Rosenberg (1904), 
Laibach (1907), 
Author (1927) 

. Heegeri (Solms-Laubach)........ Marchal (1920) 

. occidentalis Shull ined te Author (1927) 

. Orientalis Shull ined woud Author (1927) 

. bursa-pastoris apetala (Opiz)..... Author (1927) 

. grandiflora (Bois.).......... es | Author (1927) 
lS ae Author (1927) 

. Viguiert (Blaringhem) Marchal (1920), 
Author (1927) 

. tuscaloos@ Shull ined.......... Author (1927) 


SB Baaaodh 
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It is planned to continue this work next year when more ma- 
terial is available, completing the counts for the species of the 
Bursa-pastoris group, and examining a certain number of the 
inter-group hybrids. I had at first planned to study the details of 
the maturation mitoses, but the small size of the chromosomes and 
the difficulty of securing satisfactory material in the right stages 
of division make it unlikely that this will be attempted. 


FIG. I. 


Fic. 1. Anaphase of first maturation division of B. grandiflora. > 3,000. 
Fic. 2. Metaphase of first maturation division of B. occidentalis. > 3,000. 


Figures are given for B. grandiflora and B. occidentalis only, 
but in the later paper figures will be given for all of the species 
counted. 
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ULTRAVIOLET RADIATION AND THE FERTILIZA- 
TION REACTION IN ARBACIA PUNCTULATA. 


MARIE A. HINRICHS, 


DEPARTMENT OF PuysioLocy, THE UNiversiry or CHICAGO. 


For a general consideration of the fertilization problem, the 
reader is referred to Chapter VIII., “ Fertilization,” by F. R. 
Lillie and E. E. Just, in Cowdry’s “ General Cytology,” 1924; 


also to “ Problems of Fertilization,” by F. R. Lillie, t919. In 
this paper, the studies of individual authors will be cited only 
where it seems desirable to refer to results which have a particular 
bearing on those obtained in the experiments about to be de- 
scribed. 

The fertilization reaction may be modified by the direct action 
of a physical or chemical agent upon either or both of the sex 
components, or upon the zygote. Such interference results in the 
production of differentially modified larve, of irregular cleavage 
(often incomplete), of lack of membrane formation, or even of 
cytolysis. The magnitude of the injury is a function of the dos- 
age and the time at which the exposure is made. This is easily 
demonstrable with Arbacia and ultraviolet radiation (Hinrichs, 
26, a, b). 

Furthermore, it is possible by means of radiation to interfere 
with the characteristic behavior of the sex cells, ¢.g., the motility 
of the sperm is lost (Lillie and Baskervill, ’22, and Hinrichs, 
’26c), and the agglutinability by normal egg-water is reduced or 
lost. The permeability of both sex components is altered, and the 
fertilizin-producing capacity of the egg is lost, following radiation. 

Methods.—In the experiments involving the radiation of eggs, 
sperm, or egg-water, the material was placed in open dishes (im- 
mersed in a water bath) at a distance of 12.5 cm. from the lamp. 
(A few exposures were made at 23.0 cm. from the lamp, for 
comparison.) The radiation source was a Cooper-Hewitt quartz 
mercury-vapor lamp, operating at 110 volts D.C. and about 4 
amperes. 
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Variations in technique will be noted as the various groups of 
experiments are described. The following topics are considered ; 
radiation of unfertilized eggs, “ egg-water,” sperm suspensions, 
and agglutinated sperm ; adsorption of the colloidal components of 
egg-water, and their partial recovery by HCI. 

A. Experiments with Unfertilized Eggs—Unfertilized eggs 
were radiated “dry,” for varying periods of time (15 sec. to 20 
min.) and tested for fertilizin production, as follows; equal vol- 
umes of sea-water (5-10 cc.) were added to equal quantities of 
eggs immediately after radiation and allowed to stand for from 
15 min. to 2 hr. The water was then decanted off, and its ag- 
glutinating power measured. This was repeated from I to 5 
times. The agglutinating power of a given sample of egg-water 
was measured by successively diluting the sample until it no 
longer gave a characteristic normal agglutinating’ reaction with a 
I per cent. sperm suspension. The last effective dilution is an 


TABLE I. 


ULTRAVIOLET RADIATION AND FERTILIZIN PRODUCTION. 


Time Length of Period of Radiation. (In min.) 
after 
Exp. 
(Min.) 





30 


350 
60 
60 
60 


15 600 600; 600} 1,20 
30 “ “ “ “ 


45 
60 























240 1,200 | 2,400] 2,400} 4,800 

















A. U.—Agglutinating units. Tests were made against a I per cent. sperm 
suspension. 





418 MARIE A. HINRICHS. 


expression of the agglutinating power in terms of “ agglutinating 
units.” This is the method used by Lillie in determining the ag- 
glutinating strength of a given sample of egg-water (F. R. Lillie 
and E. E. Just, ’24, p. 487). A summary of a number of such 
experiments appears in Table I. 

It will be seen that the rate of fertilizin production is at first 
increased, then decreased. In 3 experiments, the increase came 
with exposures of I minute or less. In the other two experi- 
ments, all exposures exceeded 5 min., and in one case the maxi- 
mum increase came at 10 min. Successive tests for agglutinating 
power showed a rapid decrease in rate of fertilizin production, 
both in radiated and in non-radiated lots of eggs. 

Samples of eggs fertilized with normal sperm at the time of 
testing for agglutinating power indicate a falling off in fertilizabil- 
ity and general viability running parallel to the decrease in rate of 
fertilizin production. 

Taste II. 


FERTILIZABILITY OF RADIATED Eccs. 


eee = 








Stage of Development Reached. (In per cent.) 

A. U. 

: Irregular Membranes 
Cleav. Only. 


Moruia. Cytolysis. 





98 - 


15 
30 


45 
60 


15 
30 
45 
60 


15 
30 
45 
60 























A. U.—Agglutinating units. 


The percentage of normal development is reduced by radiation 
(Hinrichs, ’26b), and also by a delay in fertilization (F. R. Lillie, 
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15). In these experiments, cleavage is irregular and 50 per cent. 
of the eggs are cytolyzed following a 3 min. exposure, and from 
50-75 per cent. are cytolyzed by exposures of 5 min. or longer. 
In general, where the percentage of abnormal cleavage and subse- 
quent abnormal development is high, the fertilizin production is 
correspondingly low. Lillie and Just, ’24, p. 487, call attention 
to the coincidence of the production of agglutinating substance by 
mature eggs with the fertilizable period of such eggs. (Lillie in 
1914, and Just, in 1919, determined such a relation for Arbacia 
and Echinarachnius, respectively. ) 

The production of fertilizin is also decreased as membranes 
begin to form. A series of acid-treated eggs (with the jelly re- 
moved by the acid) showed no appreciable difference in the 
amount of fertilizin produced during successive intervals when 
compared with untreated eggs. (See discussion, Lillie and Just, 
’24, p. 492.) These tests were made to determine whether ferti- 
lizin was retained by the jelly and then given off into the sea- 
water in large amounts as.though secreted by the jelly. The jelly 
appears to adsorb fertilizin, as will be described later, and the 
adsorbed fertilizin retains enough of its activity to attract and 
agglutinate sperm to the egg surface. Lillie suggests that the 
jelly acts as a protection against loss of fertilizin (Lillie, ’19, p. 
142). Sperm show a greater avidity for eggs radiated for short 
intervals than for non-radiated eggs, a fact suggesting an increased 
production of some substance which attracts them. (See also 
Table I.) 

It will be seen that the rate of production of fertilizin in radi- 
ated eggs decreases as the time following radiation increases, and 
at a more rapid rate than in non-radiated eggs. The total pro- 
duction in radiated lots is also less than in normal eggs. This is 
probably due to an effect of ultraviolet radiation upon the egg 
cortex, which is supposed to be the seat of fertilizin production. 

B. Radiation of Egg-water——Egg-water contains several com- 
plex substances given off by the eggs. (See studies of Lillie and 
Just, ’24, p. 483.) When such egg-water is exposed to ultra- 
violet radiation, its various components appear to be separately 
affected. The echinochrome pigment is faded, and the activating 
and agglutinating substances lose their effectiveness, all at different 
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rates. Colorimeter measurements were made of the rate of fad- 
ing of echinochrome. The results of such experiments are rec- 
orded in Table III. 

Taste III. 


Tue Fapinc or ECHINOCHROME PIGMENT BY ULTRAVIOLET RADIATION. 


fe Length of Period of Exposure. (In sec.) 
Distance 


from Lamp. 
o 2 4 





12.5 cm.... ..|/*100%| 100 | 94 





23.0cm...... 100%| | 81 


* Results are given as per cent. of color remaining after each exposure. 
Non-radiated egg-water is used as the control. 


Non-radiated egg-water was placed in one tube of the instru- 
ment and used as a color standard. Radiated samples were placed 
in the comparator tube. Three readings were taken for each 
sample, and the ratios of color intensities calculated. In each case, 
an average of the three results was compared with that of the non- 
radiated control. The final ratios appear in Table III. It will be 
seen that the ratios of color intensity in radiated lots as compared 
with color intensities in non-radiated lots decrease more rapidly as 
the length of the period of radiation increases. 

Normal egg-water, when added to a normal sperm suspension, 
produces activation and agglutination of sperm, i.e., the sperma- 
tozoa form regular spherical masses which persist for a short 
period of time, and then break up. The persistence of the masses 
is a function of the condition of the sperm, and of the concentra- 
tion of active fertilizin in the egg-water. Radiation of egg-water 
causes a reduction and finally a loss of agglutinating power. 
Fewer dilutions of a given sample of egg-water are possible before 
the last effective dilution is reached. The results of radiating egg- 
water and the consequent loss of agglutinating power will be 
found in Table IV. 

The rate of loss of agglutinating power does not exactly parallel 
that of the loss of color. It appears that ultraviolet radiation is 
more effective in accelerating the loss of agglutinating power than 
the loss of color. A 2 min. radiation at 12.5 cm. reduces the ag- 
glutinating power of a sample of egg-water by 50 per cent., but 
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only a 6 per cent. reduction of color loss appears during the same 
period. In this case, 68 cc. of dry eggs were covered with enough 
sea-water in a graduated cylinder to reach the 250 cc. mark. The 
suspension was allowed to stand for 3 hr. before the egg-water 
was decanted off. This egg-water was then exposed to radiation 
for varying periods of time, and its agglutinating power tested 
against a I per cent. sperm suspension. In each case, the final 
agglutinating dilution was noted. (See Table IV.) 


TAarRLE IV. 


Tue Errect oF RADIATION ON THE AGGLUTINATING POWER OF EcGG-WATER. 


Distance | 
from 
Lamp. 


Length of Period of Exposure. (In sec.) 





Agglutinating Units Remaining 


5 cm. .| 1, 300 | 150 5 a 


3.0 cm. 5 35 300} 150 





nits Lost. (In per cent. 
88 38 | 99 + 
99 


| 





Per Cent. Color Lost. (See e III.) 


5 cm. | 6 
3.0 cm. 


28 : 
9 | 33 | 51 | 65 | 65 























| 
| 
| 
| 





Prolonged radiation of egg-water prevents the activation and 
agglutination of sperm, and may even produce a lethal effect on 
sperm. When radiated egg-water is added to normally aggluti- 
nated sperm, the clusters become “ loose ” and permanent, and the 
sperm inactive. Sperm inactivated by radiated egg-water may be 
reactivated by normal egg-water, so that normal but small, re- 
versible clusters may form. 

The agglutinating power of a given sample of egg-water may 
have been entirely lost following radiation, yet the same sample 
may still be capable of stimulating sperm to greater activity. 
Either the sperm-stimulating and sperm-agglutinating substances 


are not identical (Lillie and Just, ’24, p. 483) or a lesser amount 
29 
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of the substance is necessary to activate than to agglutinate sperm. 
The former alternative is probably correct. (See also Glaser, ’21, 
Woodward, ’18, and Clowes and Bachman, ’20. ) 

Temperature, in combination with the effects of radiation, is 
also a factor in determining the loss of agglutinating power and of 
color. To illustrate: samples of egg-water were radiated at 38°. 
21°, and 4° C. Table V. records the results of such experiments. 


Only percentages of loss are given. 


TABLE V. 
EFFECT OF RADIATION AT VARIOUS TEMPERATURES. 





| 
Percentage Loss 
| 


Distance | . Agglutinating Units B. Color 
from - 





Lamp. | Temperature lemperature 


| 38° ¢ 21° ¢ 


92 50 
100 9 
| 100 100 

Temperature. 


1 38.5°C | 22.5°C} 





33.0 CM.....0. ; §0 


At any given temperature, the rate of loss of color is slower 
than that of agglutinating power; also, the rate of color loss is 
greater at higher than at lower temperatures, while the agglutinat- 
ing power is lost more quickly at both high and low temperatures 
than at sea water temperature. 

Normally the fertilizin content of egg-water is fairly stable, 
particularly if the egg-water is covered with a toluol film to mini- 
mize bacterial infection. (See also Lillie and Just, ’24.) The 
greatest falling off in agglutinating power of such a sample comes 
during the first day or two, after which the agglutinating power 
remains fairly constant. (See Fig. 1.) 

The radiation of egg-water produces no significant change in 


pH in either direction, although in some experiments a slight in- 
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crease in acidity was noted. Following adsorption of the colloid 
components of egg-wdter by charcoal, an increase in alkalinity 
occurred. 


t 
AY, 


Fic. 1. Normal decline of agglutinating power of a sample of non- 
radiated egg-water. Ordinates, agglutinating units. Abscisse, duration of 
experiment, in days. 


Charcoal Adsorption.—Equal weights of animal charcoal, previ- 
ously washed and dried, were added to equal quantities of a series 
of dilutions of egg-water whose agglutinating power was known. 
The charcoal egg-water mixture was shaken and then filtered 
through filter-paper, and its agglutinating power again tested 


against the same sperm suspension. The filtrate was colorless, 


and had lost from 9o to 100 per cent. of its agglutinating power, 


indicating a high adsorption coefficient. (See Table VI.) Both 
echinochrome and fertilizin had been adsorbed. (In this connec- 
tion see also Glaser, ’21a.) 

It will be seen that relatively more fertilizin is adsorbed from 


samples of egg-water which have been diluted. The data for the 
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experiment of 8/13 (Table VI.), are represented in Fig. 2. The 
agglutinating units for each dilution, befote and after adsorption 
by charcoal, are indicated. 


Tasie VI. 


ADSORPTION OF FERTILIZIN BY CHARCOAL. 
(Per cent. agglutinating units adsorbed.) 





UD 


r ee. Dilution of Egg-water. 
*A.U.|A.U.| Cone. bila 


Date.| © ; coal 
0. -I.| Sperm 
gm./cc. 


ee oe". 4 Bi. 4 SOAs. Sa 


2 gm. | | | 
REET 100} 100] 100} 100/100 L00|100 
100 | 


| 93 | 96 | 96 5 5 -|100| 100 
| j | | 

| | 
j } 
ia 


| 43 | 86| 84 





5 ce. 


. gm | | 
19 | 3,000 1% }-—! 95 | of 5| 9€| 99} 99+] 99+)100)100 


ce. i 





























* A. U—o number of agglutinating units at the start. (No dilution.) 


A. U.—.1 number of agglutinating units at a dilution of 1 part egg-water 
to nine parts sea-water. 
+ Figures represent per cent. agglutinating units adsorbed. 


Further evidence for the high adsorption constant of fertilizin 
is obtained as follows: when a suspension of fresh sperm is added 
to charcoal, the sperm swim actively about, often coming into con- 
tact with the bits of charcoal, but not remaining attached to them. 
If a few drops of egg-water are now added to this mixture, no 
agglutinated masses are formed in the spaces between the pieces 
of charcoal, but the fertilizin seems to be immediately adsorbed 
by the charcoal, and the sperm are attracted by it, and become ag-~ 
glutinated to each other in an irregular film around the bits of 
charcoal, and remain there. The masses are irreversible and 
permanent, due probably to the high concentration of still active 
fertilizin about the charcoal, and the lack of sufficient activating 
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substance to stimulate the sperm to activity. The activating com- 


ponent of egg-water appears not to be adsorbed by charcoal, or 
less so than the agglutinating component. 


ALU. 


», B 
~~, 
x“. -—# 
o F] 
Concentration. 

Fig. 2. Adsorption of fertilizin on charcoal. Ordinates, agglutinating 
units. Abscissa, concentration of egg-water used. A. U., agglutinating 
units. A, agglutinating units in sample before adsorption. B, agglutinating 
units in sample after adsorption. C, agglutinating units adsorbed. 


When a few drops of concentrated sperm are added to egg- 
water containing a small amount of charcoal, the sperm immedi- 
ately attack the bits of charcoal and rotate them about much as 
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they do ripe eggs. The retention of considerable activity by ad- 


sorbed fertilizin suggests its enzyme-like nature. Such behavior 
has been noted for pepsin by Kikawa, ’23. Richards and Wood- 
ward, 15, and Lillie, ’21, have ascribed an enzyme-like nature to 
fertilizin. 

When ripe unfertilized eggs are added to a charcoal-fertilizin 
system, and then fresh sperm are added, the sperm show a pref- 
erence for the eggs, rather than for the bits of charcoal. The con- 
centration of active fertilizin is probably greater about the egg- 
surface due to continued production of fresh fertilizin by the egg. 

It was possible to recover a small amount of the adsorbed ferti- 
lizin by washing the charcoal with slightly acidified sea water. 
(See Table VII.) Glaser, ’21b, reports the recovery of some 
fertilizin by HCl. Neither iso-amyl alcohol nor saponin were 
effective in displacing the fertilizin from adsorption. 


Taste VII. 


Tue Recovery oF FERTILIZIN ADSORBED ON CHARCOAL. 


(*; HCl was used.) 


Betore Atter 
\dsorption. Adsorption ¥ _ | pH of Was! | A.U. after Te 
Sena a icseinciticnetgiindiataiangi . Water. Washing. | Recovered. 
pH A. pH A.1 


~Isr =) OH OW! 





\Vhen a charcoal-fertilizin system is washed with sea-water, the 
filtrate will be found to activate but not to agglutinate sperm. 
Apparently the activating substance is not adsorbed to the same 
degree as are the other substances in egg-water. 

There seems to be an optimum pH range for the adsorption for 
fertilizin by charcoal, as well as for its effectiveness as a sperm- 
agglutinating agent. This optimum pH range, like that found by 
Clowes and Smith for fertilization, hovers around neutrality. 
(See Clowes and Smith, ’22, ’23, Smith and Clowes, ’24, a, b, c.) 
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Measurements of pH in these experiments on fertilizin were made 

by the use of indicators. In the region of 6.8 to 8.2, from 75- 

87.5 per cent. of the fertilizin was adsorbed. In another series, 

at 7.5 to 7.9, the percentage of adsorption was from 96~-100.* 
See Table VIII.) 

Taste VIII. 


Errect oF PH on ApbsoRPTION 





Before Adsorption. After Adsorption. 























eae i: 7 | Per Cent. Agglutinat- 
nH ALU. pH AI ing Units Adsorbed. 
9.8 120 | 9.8 120 
| 120 9.0 60 | 50 
120 | 8.2 | ‘ 
7:5 120 | 7.8 15 87.5 
45 | 1 86] (78 30 87.5 
7.2 | 240 7:7 30 87.5 
7.1 240 i. 30 87.5 
7 120 7.45 I< | 87.5 
6.8 | 60 | 72 Is | 75 
5-4 | 30 | 6.0 | 15 so 
6.0 | ; 










Radiation of Sperm Suspensions.—Earlier work. with Arbacia 
sperm has shown that a loss of motility and a reduction of ferti- 
lizing power follow the exposure of sperm suspensions to ultra- 
violet radiation. (Lillie and Baskervill, ’22, Hinrichs, ’26c.) In 


these earlier experiments, it was also noted that radiated suspen- 







sions of sperm had lost some of their opalescence and appeared 
cleared in transmitted light. This was probably due to the settling 


out of suspension of irregular aggregations of sperm; such clump- 







ing or agglutination results from exposure to ultraviolet radiation. 
(Hinrichs, ’26c.) In the present series of experiments with 






sperm, it was noted that the decrease in opacity to light was pro- 
portional to the dosage of radiation a given sperm suspension had 
received. The results are recorded in Table IX. 







The relative opacity was measured by means of a nephelometer. 
\ I per cent. sperm suspension was used as stock, and from I to 
20 drops thereof per 100 cc. of sea-water were exposed to radia- 
tion at 12.5 cm. from the lamp, for periods of from 15 sec. to 15 
min. As in previously reported experiments, the more dilute stis- 


1 More work is planned on this phase of the problem. 
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pensions were more susceptible to changes induced by radiation, 
and the effect was graded by exposure. 


Tasie IX. 


Loss oF OPALESCENCE OF SPERM SUSPENSIONS FOLLOWING RADIATION. 


Concentration of Sperm. (Drops of 1 Per Cent. Suspension 
Time Exp. | per 100 cc. Sea-water 


| 





20 


.90 


1.04 } 8 | e -O2 


Is |} *r.12 
30 | 


60 1.17 8 -75 | .O7 1.33 00 
180 | 1.11 | 8: d .O5 81 .83 
300 1.01 | ; 77 f 65 59 
600.. | 85 65 68 | : OI 32 
goo.. | 09 of -40 | ai 4! -24 


* Figures represent relative opalescence of radiated sperm compared with 
non-radiated sperm. 


There are characteristic differences between normally aggluti- 
nated masses of sperm, and those induced by ultraviolet radiation. 
The latter are irregular and permanent, and the individual sperm 
inactive. The whole clump, in each case, appears to have been 
formed by sperm which had become agglutinated to each other, 
and had almost immediately lost their motility, remaining ap- 
plied to each other by sticky surfaces. Such masses resemble the 


ones described by various other investigators and are generally 


known to be toxic and irreversible. (For discussion, see Lillie 
and Just, ’24, p. 489.) 

When masses of sperm, which had been normally agglutinated 
by egg-water, are radiated, several things may happen, according 
to the intensity and duration of the radiation, and the time of its 
application with respect to the “age” of the agglutinated mass. 
When freshly agglutinated sperm are but slightly radiated, the 
clump breaks up almost immediately. If a slightly longer ex- 
posure is given, the sperm appear to be paralyzed and the mass 
becomes permanent, and more or less irregular in shape. 

When sperm are slightly radiated, and then treated with normal 
egg-water, the onset of agglutination is delayed. Motility is 


greatly decreased. ' Lillie, 12, and Loeb, ’14, found the rapidity 















ULTRAVIOLET AND ARBACIA FERTILIZATION. 429 





of the onset of agglutination to be a function of sperm activity. 
The time during which ‘the agglutinated masses remain intact also 


decreases with increased dosage. (See Fig. 3.) 
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Fic. 3. Delay in agglutinating reaction following radiation of sperm. 
Ordinates, number of seconds elapsed before the onset of agglutination with 
normal egg-water. Abscissz, length of period of exposure, in seconds. 
















The same conditions are found when egg-water is radiated for 
a short interval, and then used to agglutinate normal sperm. Its 
agglutinating capacity is reduced. Agglutination is delayed, and 
the masses persist for a shorter period of time than when normal 


egg-water is used with normal sperm. Longer exposures of 








either egg-water or sperm, previous to mixture with normal sperm 
or egg-water, respectively, produce larger irregular permanent 
masses which “ run into each other” forming a kind of reticular 
mass throughout the suspension. 





TABLE X. 


Loss oF AGGLUTINABILITY OF SPERM SUSPENSIONS FOLLOWING RADIATION. 


= 








As B. 















Time Greatest Conc. Greatest Effective Dilution. 
Exp. in| Effective Sperm in | AA — 





% Loss. 










! 
Sec. Dilution. Per Cent. Non-rad. | Rad. 

0 4,000-8,000 2.5 8,000—-16,000 8,000-16,000 -- 
15 2,000—4,000 2.0 4,000-8,000 | 2,000-4,000 50 
30 200-300 1.5 500-—1,000 | 40-80 92 
60 20-40 1.0 100-200 o—10*abn. 90.7 





A, Sperm in concentration of 3 drops of 1 per cent. suspension per 10 cc. 
sea-water. 

B. Sperm in various concentrations radiated for 30 sec. each. * abn- 
aggregates were abnormal in appearance, and were permanent and “ stringy.” 
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Since the normal agglutinability of sperm suspensions is re- 


duced by ultraviolet radiation, a strongef concentration of egg- 


water is necessary to produce agglutination in radiated sperm. 
Table X records the results of such an experiment. While the 
control sperm may be agglutinated with egg-water diluted about 
6,000 times, sperm radiated for 60 sec. will agglutinate with egg- 
water diluted only about 30 times. Radiation for 120 sec. reduces 
agglutination to zero. 

Radiated sperm suspensions show no change in pH detectable 
by the indicator method. Higher concentrations of sperm show 
a slight increase in relative viscosity, as measured by a stalag- 
mometer. This bears out the suggestion made above regarding 
the increased adhesiveness of sperm heads in aggregations appear- 
ing in radiated suspensions. Apparently ultraviolet radiation 
changes the consistency and permeability of the sperm surface 
causing the sperm to become more “ sticky.” Sampson, ’26, de- 
scribes a similar change in the consistency of sperm agglutinated 
by normal egg-water. Glaser, ’14b, found that egg extracts in- 
creased the permeability of cells. Other workers have reported 
similar results. 

There appears to be a decrease in surface tension following the 
radiation of sperm suspensions. The relative permanence of foam 
structure formed the basis, for the above suggestion, following 
Bartsch, ’26. 25 cc. of each of the various sperm suspensions 
were shaken in small bottles until frothy. Examinations were 
made after 30 and 90 minutes. It will be seen from Table XI. 
that the stronger suspensions of sperm had more froth than the 
more dilute suspensions, and that in both strong and dilute sus- 
pensions, the number of bubbles was increased by radiation, as 
indicated by the number of X’s in the table. 

General Discussion.—From the fact that the degree of viability 
and fertilizability of Arbacia eggs show a parallelism with the 
power to produce fertilizin, it may be argued that fertilizin plays 
an essential rdle in the fertilization reaction. (See Lillie and 
Just, ’24, p. 486.) There appear to be two distinct substances 
yielded by the egg to the sea-water, one of which stimulates the 
sperm to greater activity, while the other agglutinates the sperm, 
perhaps by so affecting the sperm-head surface as to cause it to 
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become more permeable to a viscous substance contained in the 
sperm, and given off into the sea water. Popa, ’27, has recently 
described such a substance in Arbacia sperm. 


TaBie XI. 


PERMANENCE OF FOAM STRUCTURE IN SPERM SUSPENSIONS FOLLOWING 
RADIATION. 


Length of 


Bunce Number of Drops of 1 Sperm Suspension per 100 cc. Sea-water. 
Penoeure 





30 15 5 


Searce x xX | Very few 


x Scarce 
— rs Scarce 6 > ~ a 

x 

x 


Sc -_ 


| 


x &X x xk X 


x 
x) xX K & 


A. Examined after 30 min. 
B. Examined after 90 min. 


Ultraviolet radiation likewise alters the permeability of the 
sperm surface, producing aggregates of sperm which, however, 
are not reversible, differing in this respect from the agglutinated 
masses produced by the action of normal egg-water upon normal 
sperm. 

Certain of the above-described characteristics of fertilizin sug- 
gest an enzyme-like nature of the substance. Its high adsorption 
constant, the retention of some of its activity while in the ad- 
sorbed state, its displaceability by acids and not by fat-solvents, 
and an optimum pH range for activity and for adsorption have 
heen described. 

Tchachotine, ’21, ascribed a sperm-agglutinating power to the 
gelatinous egg envelope. Although sperm do attach themselves in 
large numbers to the jelly layer of Arbacia eggs (if higher con- 
centrations of sperm are used), this is probably due to the fact 
that the fertilizin is adsorbed by the jelly, and still retains some 
of its agglutinating power. A similar condition exists in the ex- 
periments described above, in which bits of charcoal with their 
adsorbed fertilizin behaved like artificial eggs, and attracted and 
held active sperm agglutinated in a film about them. 


Glaser, ’14a, found that sperm which had been paralyzed could 





432 MARIE A. HINRICHS. 


be reactivated, but not reagglutinated. Sperm treated with egg- 
water which had been strongly radiated become inactive, but may 
be reactivated by normal egg-water and to some extent reaggluti- 


nated. The sperm exudate had apparently not been entirely 
“fixed ” by the egg-water, even though the sperm had become in- 
active. This is further evidence of the presence of two substances 
in egg-water, one responsible for activation, and the other for ag- 
glutination of sperm. Two other bits of evidence cited above also 
bear out this suggestion. Radiation may remove the agglutinat- 
ing power of a given sample of egg-water, yet it may still retain 
its power to activate sperm. Also, egg-water adsorbed on char- 
coal does not lose its activating power, for when the charcoal and 
egg-water mixture is washed with sea-water, and the filtrate added 
to fresh sperm, the latter are activated but not agglutinated. Ap- 
parently the activating component of egg-water is not adsorbed by 
charcoal, or less so than the agglutinating component. 

The colloid components of egg-water are best adsorbed within 
an optimum pH range which hovers about the point of neutrality. 
Recovery by acid is possible, and increasing the acidity of the egg- 
water beyond the optimum range, lowers its adsorbability by char- 
coal. This may depend on a reversal of the charge carried by the 
fertilizin particles, but further experimentation on this point is 
necessary. Saponin does not displace the fertilizin from adsorp- 
tion. Radiation of fertilizin causes a slight increase in acidity. 
This is in accord with the findings of Stedman and Mendel, ’26, 
for protein solutions and distilled water. 

The echinochrome pigment in egg-water is faded by ultraviolet 
radiation. Its function is a rather uncertain one. Glaser, ’21a, 
suggested that this substance acts as a stabilizer for fertilizin. It 
has been found to have a certain amount of photodynamic activity. 
(See R. S. Lillie and Hinrichs, ’23.) The pigment is also ad- 
sorbed by charcoal, as shown in the above experiments, and by 
Glaser in 1921. (Glaser, ’21a.) It is probably colloidal in na- 
ture. 

The production of fertilizin by mature eggs has been discussed 
above at greater length. F. R. Lillie associates fertilizin produc- 
tion with viability of eggs as follows, “ When an egg ceases to 
produce the sperm-agglutinating substance, it has lost its capacity 
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to be activated.” (Lillie, ’19, p. 240.) A reduction of fertilizin 
production following a temporary slight acceleration is probably 
due to the direct action of ultraviolet radiation upon the egg 
cortex. R. S. Lillie and Baskervill, ’22, showed that radiation 
was effective in its direct action on the egg surface. Radiation in- 
duces membrane formation and fertilizin production is known to 
decrease as membranes begin to form. 

Normal active sperm show an increased avidity for eggs which 
have been radiated a short time. Apparently this is due to the 
fact that ultraviolet radiation increases the permeability of the egg 
cortex, and liberates fertilizin to a greater degree than that found 
in normal eggs. 

Normal sperm bear a substance necessary for fertilization which 
is given off into the medium, and after a certain period of loss of 
this substance, the fertilizing capacity of sperm decreases. Ultra- 
violet radiation augments the normal rate of loss of this substance 
from the sperm. (For a review of literature bearing on this sub- 
ject, see Sampson, ’26, and Hinrichs, ’26c.) When radiation is 
long enough continued, sperm lose their capacity for normal ferti- 
lization as shown by the loss of ability of eggs, fertilized by them, 
to produce membranes, to cleave normally, and to develop into 
normal larve (Hinrichs, ’26b). There is a corresponding loss of 
agglutinability of sperm by normal egg-water. Radiated sperm 
require a higher concentration of fertilizin to produce agglutina- 
tion than do normal sperm. The same is true for sperm which 
have been standing for some time after removal from the gonad. 
(See Lillie and Just, ’24.) Lillie and Just also report that the 
rapidity of onset of agglutination of sperm by means of normal 
sea-water is a function of the motility of the sperm. Radiation 
reduces sperm activity and also lengthens the time of onset of 
agglutination. 

Radiation produces an increase in the viscosity of sperm sus- 
pensions. Mond, ’22, and Wels, ’23, report similar findings for 
the effects of ultraviolet and x-radiation upon proteins. In radi- 
ated sperm, this increase in viscosity, together with a reduction in 
motility which follows, is probably responsible for the permanence 
of clumps which are formed as the result of radiation alone. 
When normally agglutinated masses are radiated, the clumps be- 
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come permanent, due to the increased adhesiveness and loss of 


motility of individual sperm. Also, radiated sperm produce 


reticular, stringy masses on the addition of normal egg-water. 
Here again, the increased stickiness of the sperm and the loss of 
motility are a result of radiation. 

I wish to acknowledge my gratitude to Dr. R. S. Lillie for his 
cooperation in the study of this problem. The experiments were 
made at Woods Hole during the summer of 1926. 

Conclusions—I. Earlier work with: ultraviolet radiation and 
Arbacia germ cells has shown the following results: (a) Radiated 
eggs fertilized by normal sperm, normal eggs fertilized by radi- 
ated sperm, or radiated zygotes produce differentially modified 
larve, (b) Radiation of normal sperm causes a reduction and loss 
of motility and fertilizing power, and (c) Radiation of normal 
sperm suspensions causes sperm to form irregular, permanent ag- 
gregates. Continued radiation kills the sperm. 

II. The present experiments have added the following: 

(a) The radiation of normal eggs produces at first a slight in- 
crease, then a decrease, and finally a complete loss of the power 
of producing fertilizin. There is a parallel loss of viability of the 
eggs as measured by their fertilizability and ability to develop 
normally. 

(b) The radiation of normal egg-water produces a fading of 
echinochrome pigment, and a reduction of the agglutinating power 
of fertilizin. The two are affected at different rates. The addi- 
tive effect of temperature and radiation is more rapid in its ac- 
tion upon fertilizin, than upon echinochrome. 

(c) The agglutinating power of egg-water is lost before its 
sperm-stimulating power, suggesting that two distinct substances 
may be concerned. 

(d) There is an optimum pH range, around the point of neu- 
trality, for the agglutinating action of egg-water. A similar 
range is present for the adsorption of fertilizin by charcoal. Ad- 
sorbed fertilizin retains some of its agglutinating power. The 
enzyme-like character of fertilizin is indicated. Adsorbed ferti- 
lizin may be displaced from adsorption by a slight acidification, 
but not by the addition of surface-active compounds. Fertilizin 


has a high adsorption constant. For this reason, fertilizin is prob- 
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ably adsorbed by the egg surface to an extremely high degree, and 
usually not enough of it is present in an active state in the spaces 
between eggs to produce typical agglutinated masses of sperm, 
when eggs are inseminated in fingerbowls in the laboratory. 

(e) Ultraviolet radiation produces a slight increase in the pH 
of egg-water. 

(f) Sperm suspensions become more translucent as a result of 
radiation, in consequence of the formation of permanent irregular 
aggregations of sperm which settle out of suspension. 

(g) The more concentrated suspensions of sperm show an in- 
crease in viscosity and a decrease in surface tension following 
radiation. The increase in viscosity is associated with the for- 
mation of aggregates of sperm. 

(h) Radiated sperm undergo a reduction of agglutinability by 
normal egg-water. The onset of agglutination is delayed, and the 
duration of the phenomenon is shortened. 

(4) The more dilute suspensions are more susceptible to radia- 
tion effects. 

(j) Radiation effects with eggs, egg-water, and sperm are 
graded by dosage of radiation. 
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GENETIC EVIDENCE FOR DIPLOID MALES IN 
HABROBRACON. 


ANNA R. WHITING, 


Bussey Institution, Harvarp UNIVERSITY. 


The production of males from fertilized eggs in the parasitic 
wasp, Habrobracon juglandis (Ashmead), is discussed in a previ- 
ous paper (Whiting, Anna R., 1925). It was shown that homo- 
zygous orange-eyed females, when crossed to related males with 
dominant black eyes, produced a few practically sterile black- 
eyed sons, in addition to the usual number of impaternate orange- 
eyed males and heterozygous black-eyed daughters. The few 
daughters of these “ patroclinous ” or biparental males were black- 
eyed, almost completely sterile and in many cases abnormal in ap- 
pearance. It was postulated that a spermatozoon developing in- 
dependently in the egg cytoplasm and crowding out the egg nu- 


cleus might produce a male which, although resembling its diploid 
sisters, would be haploid. This did not explain why recessive 
males failed to appear in broods from the reciprocal cross of 
homozygous black females by orange males; neither did it throw 


any light on the sterility of the biparental males and of their few 
daughters. 


With the occurrence of new mutations additional facts have 
been brought out consistent with previous results and throwing 
further light upon the problem. 

A series of quadruple allelomorphs affecting eye color (Whit- 
ing, Anna R. and Burton, Raymond H., 1926) has been used in 
various combinations in breeding experiments to be discussed. 
These are black (O), light (o'), orange (0), and ivory (o'), in 
decreasing order of dominance. In black, orange, and ivory the 
ocelli are of the same color as the compound eyes. In light, they 
are gray while the compound eyes remain black. Distinction from 

1 The author is indebted to Bussey Institution, Harvard University, for 
the use of space and equipment, and to the Committee for Research in Prob- 


lems of Sex of the National Research Council for financial aid in carrying 
on this work. 


438 





GENETIC EVIDENCE FOR DIPLOID MALES. 439 


type is more easily made in females than in males and is espe- 
cially clear in light females heterozygous for orange or ivory. 

Three pairs of allelomorphs affecting the wings have also been 
used. Wrinkled (w), recessive to type (W), prevents complete 
expansion of the wings and often the normal development of legs 
and antenne. It is almost completely recessive and somewhat 
lethal in the homozygous and azygous conditions. Reduced (r), 
completely recessive to type, reduces the wings, especially the 
primaries, in size and venation. No overlapping with type occurs. 
These mutations are discussed at length elsewhere (Whiting, P. 
W., 1926). Defective (d) (referred to in previous publication 
as dus, Whiting, P. W., 1924), like wrinkled, is almost com- 
pletely recessive but shows some overlapping with type (D). It 
reduces the length or causes disappearance of the fourth branch of 
the radius vein (r,) in 90-95 per cent. of pure stock under stand- 
ard conditions. Unfortunately reduced and defective cannot al- 
ways be recognized with certainty in wrinkled, while defective 
cannot be identified in reduced where the veins are so generally 
disarranged. 


There is no linkage between any of these factors. 


Crosses PRoDUCING BIPARENTAL MALEs. 

Table I. gives summaries of crosses which produce biparental 
males. Whenever significant differences involving locus D occur 
they are indicated in the formule. The impaternate haploid males 
arise from unfertilized eggs and resemble their mothers. Where 
the mothers are heterozygous these males fall into two classes as 
expected. Females show all the dominant traits of both parents 
as do the biparental males. 

The first cross in the table will serve to illustrate this. Mothers 
are light, fathers black. All daughters are black, most sons light, 
the few biparental sons black. 

In classes c and e, section I., mothers are defective (d), fathers 
normal (D). If numbers in these classes be combined it is found 
that 6 of the 58 biparental males are defective, 10.34 + 2.70 per 
cent.; 753 of the 820 impaternate males, 91.83 + 0.64 per cent. ; 
46 of the 569 females, 8.08 + 0.77 per cent. Similarity of per- 
centages in biparental males and females is apparent. The 13 
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light males produced in classes d and e give still further evidence 


of biparental inheritance. Their mothers were orange or ivory, 


fathers light. They resemble their heterozygous sisters as their 


ocelli are lighter in color than those of males from light stock. 


Tasie [. 


Crosses PropucinG BIPARENTAL MALES. 
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13,430 


In section II. are data on crosses where parents differ in wing 
character, locus R, but are similar in eye color. Biparental males 
can be readily recognized by their non-reduced wings. These are 
of interest since they show that the chromosome carrying R acts 
in the same manner as those containing O and D. 
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In section III. are given summaries of crosses involving differ- 
ences in O and R. Whether one or two recessive factors are 
present in the mother the biparental males show both dominant 
characters. 

Section [V., deals with crosses involving differences in the O 
and W loci, and in some cases in D. Cross a, ooddww females 
by ODW males, gave 5 black-eyed males 1 of which was wrinkled. 
All had normal venation. Since homozygous wrinkled females 
have bred true in all cases tested by the author there is little 
doubt that the W is contributed by the father. All orange sons 
were wrinkled, practically all that could be identified were defec- 
tive, and all black daughters normal as to wings. 

Wrinkled sometimes occurs as a result of accident of growth. 
Since biparental males are abnormal in so many ways, as for ex- 
ample in their rather common habit of pupating without spinning 
a cocoon, their wings might have a greater chance to be wrinkled, 
thereby increasing percentage of wrinkled in this class. 

Cross c, section IV., ooddWW female by ODw male, is of im- 
portance. A dominant factor affecting the wings is contributed 
by each parent. Of the 29 black non-defective sons, 25 were non- 
wrinkled while 4 had slightly wrinkled wings, a condition parallel 
with that found in the sisters except that percentage of wrinkled 
is higher. There was one wrinkled among the 660 orange males 
and 3 wrinkled among the 404 black females. Class d resembles 
this except that ivory females were used instead of orange. Re- 
sults are similar. Nineteen matings gave 17 black males, 1 with 
wrinkled wings and 1 with defective venation, 637 ivory males, 
practically all defective, and 360 black females, 1 with wrinkled 
wings. 

In section V. are types of crosses involving differences in O, W, 
R, and in two cases D. In class a, ooWWrr females by OwR 
males, there were produced 7 black, non-wrinkled, non-reduced 
males and 63 orange non-wrinkled reduced males. The females 
were like the biparental males except that 1 defective appeared. 
In class b the four differences are involved, two dominant factors 
contributed by each parent. The 3 biparental males were entirely 
dominant, the orange sons non-wrinkled and reduced, the daugh- 
ters dominant except for two defective individuals. Wings of 
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biparental males show three dominants, two from the mother, one 
from the father. 

Class c is likewise of special interest. Recessives d and r are 
contributed by the mother, o' and w by the father. Biparental 
males are orange, non-defective (with one exception slightly so), 
non-wrinkled, and non-reduced. Here again the wings of bi- 
parental males show three dominant characters, two from the 
father and one from the mother. In class d three females hetero- 
zygous for o and o', homozygous for W and r, are mated to owR 
males. All ivory males have reduced wings while among the 
orange males are the biparental males easily recognized by their 
non-reduced wings. 

In all, four hundred and eighteen matings were made where 
female parent had recessive eye color, male dominant. 747 bi- 
parental males were produced in addition to 16,660 impaternate 
males and 12,901 females. 

One hundred and thirty-five matings of defective females by 
non-defective males gave 307 biparental males, 6,325 impaternate 
males and 3,816 females. Defectives were recorded in one hun- 
dred and two of these matings. 30 defectives were found among 
269 biparental males, 11.15 + 1.29 per cent.; 4,744 among 5,159 
impaternate males, 91.95 + 0.25 per cent.; 175 among 3,085 fe- 
males, 5.67 + 2.81 per cent. 

Three matings of ww females by W males gave 5 biparental 
males, 1 wrinkled, 43 impaternate males, all wrinkled, and 93 
normal females. 

Fifty-one matings of rr females by R males gave 61 biparental 
males, 462 impaternate males and 754 normal females. 


TESTS OF BIPARENTAL MALES. 


Table II. gives summary of tests of biparental males. When- 
ever possible they were tested by mating to homozygous recessive 
females. Individual males were often mated to several females. 


Since they produce but few daughters the results of a large amount 
of work seem meager. 

Two hundred and forty-two males were tested. One hundred 
and ninety-seven or 81.40 + 1.69 per cent. were found to be 
sterile. Of these, one hundred and thirty-nine were tested once, 
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forty-five twice, six three times, four four times, two five times, 
and one seven times, in all two hundred and eighty matings re- 
sulting in 23,089 sons, no daughters. 


Taste II. 


Tests oF BIPARENTAL MALEs. 
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Of the forty-five fertile males twenty-six were tested once each, 
seven twice each, four three times, two four times, three five 
times, one seven times, and two ten times, one hundred and two 
matings. Altogether these matings gave only 186 daughters 
among the 5,929 sons of the females, an average of 3.135 daugh- 
ters for each fertile biparental male. Seven matings of one male 
made at two day intervals resulted in 21 daughters, 15 of these in 
one mating. Another male mated ten times at two-day intervals 
gave in five matings 21 daughters. These are the most prolific 
by a rather wide margin. Results indicate that more daughters 
could be obtained from biparental males by making repeated tests. 

With two exceptions all biparental males produced daughters 
showing the dominant characters like themselves. They there- 
fore breed like haplonts. This was true of the D, O, and R loci 
irrespective of the side from which the factors came. Although 
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nine biparental males carrying w were tested by crossing to ww 
females, some of them several times, no daughters were obtained 
among the 1,733 sons, all wrinkled like their mothers. 


DAUGHTERS OF BIPARENTAL MALEs. 


Of the two exceptional biparental males mentioned above one 
occurred in a mating of ivory defective female by orange defec- 
tive male. He had orange eyes and defective wings as would be 
expected. His mate was of the same genetic constitution as his 
mother. In the first culture bottle appeared 2 orange females, 1 
with abnormal abdomen which died within the cocoon, the other 
sterile. In the fourth bottle was found an ivory defective female. 
She was fairly fertile. In the first culture bottle she laid over 
thirty eggs, one of which hatched into an ivory female. In the 
second bottle there was likewise a high mortality of eggs but 9 
ivory males and 5 ivory females ultimately emerged. Her daugh- 
ter from bottle a gave 49 males, another which lived but a short 
time gave 10 males. There are three possible explanations for the 
appearance of this ivory female. Her mother may not have been 
virgin when mated. This is improbable since great care was ex- 
ercised in this matter and many more ivory females would be ex- 
pected early in the life of the mother if she had mated with an 
ivory brother. The female may have been produced from an un- 
fertilized egg, a phenomenon which has occurred but rarely in 
Habrobracon, or the male may have produced a spermatozoon not 
carrying the chromosome containing the o factor. 

The comparatively late appearance of this female serves as an 
argument for the second explanation since daughters of biparental 


males usually appear in the first or second culture bottles. On 
the other hand the high mortality of her eggs might indicate that 
she is the daughter of the biparental male since the few females 


obtained from unfertilized eggs have proved highly fertile. 

The second exceptional case was found early in the work by 
P. W. Whiting. It has not been previously discussed in detail. 
A male of type stock 1 was crossed with female of orange defec- 
tive stock 3. 118 orange sons showed defect typical of stock 3. 
Black daughters were 15 normal, 1 defective; black sons were 3 
normal, 1 defective, the defective among the black being due to 
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irregular dominance. One of these normal black males was mated 


to three orange females by each of which he produced a single 


daughter. 

From one cross there were produced 30 orange males and in 
vial b a single black-eyed female of small size and with asym- 
metry of ventral abdominal sclerites. She produced only one 
larva which died. Whether she posessed D or d is not known. 
Her morphological abnormality and near sterility are comparable 
with such conditions in daughters of biparental males transmitting 
only dominant traits. 

From another cross there were produced 92 orange males and 
in vial c a single orange female. She developed from a naked 
pupa and had asymmetrical sternites. She appeared normal in 
internal morphology and histology and produced 3 orange sons, I 
normal and 2 defective. Since her mother was of normal orange 
stock the occurrence of these indicates that she had received d 
from her father. Like many daughters of other biparental males 
she was of abnormal appearance, but unlike them she was some- 
what fertile. 

From the third cross there were produced 136 orange males 
and, in vial a, a single orange female. This female was normal 
in appearance and produced 71 offspring, males 13 normal, 16 
defective, and females 23 normal and 19 defective. The defec- 
tives were due to the fact that this female’s mother had d. Nor- 
mal venation was isolated in later generations. 

This biparental male had, therefore, in addition to black-bearing 
spermatozoa, two types of orange, od, the maternal combination, 
and oD, a recombination type. He is the only male found which 
breeds like a heterozygote. He and his daughters are not included 
in the following summary. 

Of the 186 dominant daughters of biparenta! males only 121 
were sufficiently normal to test. Most of these laid eggs which 
failed to hatch. Some lived for several days, stung the host 
caterpillars but laid no eggs. One gave a normal black male 
which proved sterile ; one produced a black-eyed female pupa which 
died in the cocoon ; one gave a morbid larva which died young and 
an abnormal female pupa with black eyes found dead in the cocoon ; 
and another an abnormal pupa of uncertain eye-color and sex, and 
a fifth five larve which died and a female pupa of uncertain eye- 
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color. The dominant daughters have so far given only dominant 
offspring. 


MorPHOLOGICAL ABNORMALITIES IN BIPARENTAL MALES AND 
THEIR DAUGHTERS. 


Physical defects are rather common in biparental males and 
their daughters. These include abnormal sclerites in abdomen, 
defects in antennz, abnormal legs, incomplete digestive tract, ab- 


normal thorax, and genitalia. Among the 790 biparental males 
were found 41 or 5.19 + 0.53 per cent. abnormal. Also there 
were 61 individuals that did not spin cocoons (called naked pupz) 
7.72 + 0.64 per cent. This stands in contrast to conditions in 
impaternate males where there were but 24 abnormal and 83 naked 
pup among 17,111 normal, 0.14 + 0.02 per cent. and 0.48 + 0.04 
per cent. respectively. Among the 13,430 sisters of biparental 
males there were 82 abnormal and 57 naked pupz, 0.61 + 0.04 
and 0.42 + 0.04 per cent. respectively. 

In the daughters of biparental males abnormalities are often 
more extreme and present in a much higher percentage. 68 freaks 
and 23 naked pup appeared in addition to 95 normal. Percent- 
age of freaks is 36.56+ 2.38, of naked pupe 12.36 + 1.63. 
Brothers of these females showed 13 freaks and 2 naked pupe to 
5,914 normal, 0.22 + 0.04 and 0.03 + 0.02 per cents. 


SuMMARY. 


1. Four allelomorphs affecting eye color and three pairs of 
allelomorphs affecting wing form and venation, none linked, are 
studied from the point of view of the method of their inheritance 
by biparental males in Habrobracon juglandis (Ashmead). 

2. A female homozygous for one or more recessive factors 
when crossed to a male carrying allelomorphs to these factors 
produces, in addition to recessive haploid sons and dominant dip- 
loid daughters, sons which have all dominant characters like their 
sisters. 

3. In crosses where females are homozygous for some recessive 
and some dominant factors and males possess allelomorphs the 
biparental sons are entirely dominant, showing that they have some 
factors from each parent. 
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4. When three of these factors affect one structure (the wing 
in this case) if one recessive and two dominants are contributed 
by one parent, their allelomorphs by the other, this structure in 
biparental males shows all the dominant characters. 

5. From these results it is concluded that biparental males are 
diploid (Whiting, P. W. and Whiting, Anna R., 1925) at least 
for the four chromosomes that can be identified genetically. 

6. Biparental males and their daughters are often abnormal in 
appearance and usually sterile or nearly so. When fertile they 
breed as dominants (with one, and possibly two, exceptions noted 
above). 

DIscussION. 


When different types of crosses are made between inbred re- 
lated stocks and results summarized it has been found that definite 
relationships exist between various percentages derived from these 
summaries. 


Percentage of males among biparental offspring, (previously 


biparental dif‘ & 100 
’ biparental gt + 9° ’ 
22 X 100 

total, 


biparental ¢¢' + 99 X I00 In 

total : 
other words when a type of cross results in a high percentage of 
males among biparentals there is a low percentage of females and 
of total offspring from fertilized eggs. The female percentage is 
lower than it would be if the decrease were due only to the trans- 
formation of some fertilized eggs into biparental males. This 
indicates that there is a mortality of fertilized eggs in these crosses 
directly correlated with number of biparentals which are males. 
Types of crosses that produce no biparental males have the high- 
est percentage of females. 

The question as to why these individuals are males cannot be 
answered at this point. Dr. Castle has suggested that they may 
correspond to the intersexes which Goldschmidt gets in Lyymantria 
(Goldschmidt, Richard, 1927). Some of the facts support this 
and it may be that the presence of certain genetic factors in some 
individuals causes sex reversal. No gradations have been ob- 


called percentage of patrocliny) is nega- 


tively correlated with percentage of females, , and with 


percentage of total biparentals, 
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served in Habrobracon. The biparental males have all been com- 
pletely male in external and internal morphology and in reactions. 
The high mortality suggested above may be due to intergrades 
that cannot survive in this species. In Lymantrta the intergrades 
occur as a result of wide crosses while in Habrobracon these males 
come from crosses of related stocks only. 

Non-disjunction may also be considered a possibility. Bi- 
parental males may be diploid for all chromosomes save one, the 
sex chromosome, and thus be males although resembling their 
sisters in appearance. 

Unfortunately Habrobracon, like the Hymenoptera in general, 
is not ideal for cytological study. Haploid number of chromo- 
somes seems to be eleven and they are extremely minute. Nachts- 
heim has demonstrated ( Nachtsheim, H., 1913) that in the honey 
bee chromosomes frequently fractionate so that somatic counts 
vary considerably being various multiples of the haploid number. 
The author finds indications of this in another form now under 
observation so that a very-careful study and numerous counts are 
necessary before conclusions can be drawn. 

In spermatogenesis of biparental males the first maturation 
division is abortive, the second apparently equational as in normal 
haploid males. This process may result in diploid spermatozoa 


which when united to recessive eggs would give only dominant 


triploid offspring. The high percentage of physical abnormalities 
in daughters of biparental males and their sterility may be due to 
their triploidy. They possess ovaries and ova normal in general 
appearance. 
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CARBON DIOXIDE AS A NARCOTIC AGENT. 


1. THe Errect oF CARBON DIOXIDE UPON THE FERTILIZED Ecc 
oF Arbacia. 


CHARLOTTE HAYWOOD, 


(From the Marine Biological Laboratory, Woods Hole, and from the 
Department of Physiology, University of Pennsylvania.) 


The narcosis which may be produced by carbon dioxide seems 
to have long been known. Pliny the Elder, in his Natural His- 
tory, remarked that the marble from Memphis, when ground up 
and used as a liniment with vinegar, had the virtue of rendering 
insensible parts of the body to be cut or cauterized. In modern 
times the value of carbon dioxide as an analgesic was recognized 
soon after Black’s discovery of “ fixed air,” and in 1788 we find 
Percival recommending “ fixed air” for the relief of painful ul- 
cers. Later it was employed as a local anesthetic by Ingenhousz,* 
Beddoes, Simpson, Follin, Brown-Séquard,? Gellé,? and others. 
In 1828, eighteen years before Morton’s demonstration of ether 
anesthesia, Hickman * appears to have suggested that general an- 
esthesia be induced by inhalations of carbon dioxide, and it was 
thus used later in the century by Ozanam and by Gréhant, although 
never extensively. Ozanam seems to have been impressed by the 
promptness of recovery from the anesthesia produced in this way. 
At one time it was thought by some that natural sleep and hiberna- 
tion were the effects of the accumulation of carbon dioxide. This 
view has been abandoned, but Kidd (1914) has recently with 
more plausibility suggested a similar explanation for the dormancy 
of seeds. The work of Cohn (1918) also indicates the possibility 
that carbon dioxide may play an important part in keeping the 


spermatozoa of Arbacia inactive until their discharge into sea 
water. 


1 Cited by Herpin (1864). 
2 Cited by Dastre (1890). 
3 Cited by Simpson (1856). 
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Inasmuch as carbon dioxide is a normal product of metabolism, 
an understanding of its characteristic effects on living cells and 
the mechanism by which they are produced is of importance. Un- 
fortunately, most of the studies previously made on its action have 
been concerned with entire organisms where numerous complicat- 
ing factors prevent the separation of its more characteristic effects 
from others of a less fundamental nature. It is the object of the 
present paper to study in a quantitative way certain aspects of the 
narcotic effects of carbon dioxide on single cells—the developing 
egg cells of Arbacia—where complicating factors are reduced to 
a minimum. In particular, an attempt has been made to deter- 
mine the extent to which such effects are reversible. A second 
paper * deals similarly with a simple tissue—the striated muscle of 
the frog—and studies upon ciliated epithelium are to be reported 
elsewhere. 

For quantitative work, the developing egg of Arbacia proves 
very satisfactory. Since favorable material shows about 100 per 
cent. division under normal conditions, any delay in the occurrence 
of the first cleavage may be measured and used as a suitable quan- 
titative criterion for narcotic or toxic effects upon the activity of 
the cell. Smith and Clowes (1924) have studied from a somewhat 
different point of view from that of the present paper the effects 
of carbon dioxide upon the cleavage of echinoderm eggs and have 
found that development is inhibited by CO, at pH values which 
in its absence are without effect upon cleavage. The present ex- 
periments differ in at least two respects from those of Smith and 
Clowes. In the first place, they have to do with exposures of 
varying lengths followed by a return to normal sea water to per- 
mit a determination of the extent to which the effects produced are 
reversible. In the second place, a different method has been used 
for the quantitative measurement of the degree of retardation of 
the developmental processes. Instead of measuring the total num- 
ber of cell divisions secured in a given time irrespective of whether 
they be the first, second, or third, the quantity here measured has 
been the time required for the first cleavage in each case. Furth- 
ermore, this has been done in such a way as to take into account 


1 Amer. Journ. Physiol., LXXXII., 241. 
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not merely the mean time for all of the eggs but, approximately 
at least, the time for each individual egg. It is believed that data 
of this sort, while more troublesome to secure, are theoretically 
more significant and have a wider range of usefulness than those 
obtained by the other method. 


METHOD. 


Sea water, saturated with CO, from a Kipp generator, was used 
directly or was diluted as desired with oxygen-saturated sea water, 
with nitrogen-saturated sea water, or with ordinary sea water by 
siphoning together appropriate amounts of these solutions. It 
was then immediately siphoned into 75 cc. glass-stoppered bottles 
containing a few drops of a concentrated suspension of the newly 
fertilized eggs of Arbacia punctulata. As soon as the bottles were 
completely filled, they were tightly stoppered, shaken briefly, and 
placed in a bath of running sea water, which, with a few excep- 
tions, varied in temperature not more than 0.5° C. for the dura- 
tion of each experiment. For all the experiments during one 
season the range of temperature was 18.4° C. to 22.4° C., with 
a mean value of 20.3° C. In order to prevent a change in the 
solubility of the dissolved gases, it was deemed important always 
to have the CQO,-containing so'utions at the temperature of the 
water-bath. Care was also taken to begin all the exposures of 
any one series as nearly simultaneously as possible, since a num- 
ber of experiments not reported here seemed to indicate that sen- 
sitiveness to CO, may vary prior to the appearance of the first 
cleavage. In many of the experiments the bottles were inverted 
at five minute intervals to keep the contents well mixed, but other 
experiments in which this precaution was less rigorously observed 
gave essentially the same results. 

At the time of setting up an experiment, samples of the solu- 
tions used were taken for estimations of the pH and dissolved 
oxygen. The former were immediately determined with the use 
of phenol red, brom thymol blue, brom cresol purple, and methyl 
red as indicators ; the samples for the latter were kept at a constant 
temperature until Winkler determinations could be made. The 


results of the Winkler determinations are expressed as cc. of 
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oxygen per liter. Otherwise, the oxygen content is stated, as is 
the carbon dioxide content, in terms of percentage saturation. 
Assuming the applicability of Henry’s law to gases in solution, it 
may be said that when 20 cc. of oxygen-saturated sea water is 
added to 80 cc. of CQO,-saturated sea water, the resulting 
solution contains CO, at 80 per cent. of saturation value and 
oxygen at 20 per cent. of saturation value. Since in adding the 
saturated solutions to the eggs they must experience a small in- 
terchange of gases with the air, a solution which was initially free 
of oxygen is referred to as having a trace of oxygen, while a CO,- 
saturated solution is represented as having a CO, content of 
“100 —” per cent. Wherever the tension of CO, is expressed 
in mm. Hg the value given is merely an approximate one, calcu- 
lated for purposes of comparison with the work of other investi- 
gators on the assumption that the tension of carbon dioxide in a 
saturated solution is 760 mm., minus the vapor pressure of water 
at the temperature in question. 

As already mentioned, the reversibility of the effects of CO, 
was determined by returning the eggs to sea water for development 
after the desired periods of exposure. Following a rinsing in sea 
water, the eggs were placed in small Pyrex beakers containing sea 
water to a depth of about 1.5 cm. Samples of the eggs were re- 


moved from the beakers at various times and were preserved for 
subsequent observation by the addition of a weak solution of 
formalin in sea water. The fixed eggs were placed in a large 
hanging drop where, if free from debris, they tended to settle in 
rows, which simplified the task of determining the percentages of 


eggs which had undergone the first cleavage. These values, found 
from time to time after a given exposure, give, when plotted 
against the minutes after fertilization, a curve which will be re- 
ferred to as the cleavage curve for that particular exposure. The 
characteristic S-shape of this curve is related to the variability of 
the eggs themselves in the manner discussed by Loeb and Northrop 
(1917) and by Brooks (1918). The time required for cleavage 
in 50 per cent. of the eggs has in these experiments been used as 
the most convenient criterion of the cleavage rate, but other per- 


centages could equally well be compared ; the time in question can, 
31 
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of course, be readily found by interpolation from the cleavage 
curve. 


RESULTS. 


Before discussing the typical effects of carbon dioxide, it is 
necessary to rule out the possibility that oxygen lack might be a 
contributing factor in the results produced, since the method used 
in saturating the sea water with carbon dioxide causes at the same 
time a removal of oxygen. Although a complete lack of oxygen 
has been shown to stop the cleavage process in sea urchin eggs 
(E. B. Harvey, 1927), the present work indicates that even with 
an extensive reduction in oxygen tension cleavage is able to con- 
tinue—and at a rate but little slower than normal. The results of 
the thirty minute exposures to low tensions of this gas, represent- 
ing but 14 per cent. to 18 per cent. of those available for the con- 
trols, are given in Table I. and show that the cleavage time under 
these conditions was delayed but a few minutes. 


TABLE I. 
Tue Errect upoN CLEAVAGE OF THIRTY MINUTE Exposures To Low 
Oxycen TENSIONS. 


cc. of Oxygen Minutes Required for 
Solution. per Liter. 50 per cent. Cleavage. 


60.5 


A direct comparison of the effects of low oxygen tension and of 
high carbon dioxide tension has been made in another experiment, 
in which each of four portions of egg suspension was exposed for 
thirty minutes to one of the following solutions : 


cc. of Oxygen 
per Liter. 
. Sea water 5-15 


. Sea water + oxygen+CO, (60% saturated)... 5.3 5.56 
. Sea water + nitrogen + CO, (60% saturated) 5.3 1.26 
. Sea water, saturated with nitrogen 0.55 


It will be evident that solutions 3 and 4 were low in oxygen as 
compared with solutions 1 and 2, while solutions 2 and 3 were high 
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in CO, as compared with solutions 1 and 4. The first cleavage 
appeared as shown in Fig. 1, where it will be seen that the shortest 
cleavage time occurred with the sea water control, represented by 
Curve 1. A lowering of the oxygen tension to slightly over one 
tenth of the normal value retarded the cleavage time but 4 minutes 


PER 
CENT 


100 


73 


50 


25 


% 30 60 90 120 150 


MIN. 


Fic. 1. The relative effectiveness of low oxygen tensions and high CO, 
tensions in delaying the first cleavage of Arbacia eggs. Exposures were 
of thirty minutes’ duration. Temperature, 19.8°-20.2°. Abscissa = time, 
in minutes, after insemination. Ordinate = percentage of eggs showing 
the first cleavage. 

ce. Oxygen. 
Symbol. per Liter. CO. 
O Circles 5.15 
x Crosses 5.56 60% 
Curce 3 1.26 60% 
Curve 4 A Triangles 0.55 


(Curve 4). On the other hand, an increase of the CO, content 
to give pH of 5.3 was sufficiently great to retard the cleavage time 
36 minutes, irrespective of the oxygen present, since a single curve 


serves to represent cleavage in the two solutions which, although 
showing more than a 4:1 difference in oxygen content, had the 
same carbon dioxide content. Since from such experiments as 
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the foregoing the cleavage process is seen to be but little affected 
by oxygen deficiency over a wide range, the more striking effects 
observed with CO,, about to be described in more detail, may 
justly be attributed to an action of carbon dioxide in which inci- 
dental oxygen lack plays little or no part. 

Such being the case, the solutions used in the subsequent ex- 
periments were simply mixed in a large graduated cylinder and 
immediately added to the eggs. Siphons were not used nor were 
Winkler determinations made. Speed in setting up the experi- 
ment was important, and in cases where a considerable number of 
bottles were to be filled, this method had the advantage of expe- 
diency. Where the sea water used was saturated with CO, (i.e. 
“ 100 —”’ per cent. CO,, with a trace of oxygen) it seems probable 
that sufficient oxygen must have entered the solution from the air 
to prevent any retardation of cleavage from oxygen lack, since 
a 4:1 mixture of CO,-saturated and oxygen-saturated sea water 
(i.e. 80 per cent. CO, and 20 per cent. oxygen) gave practically 
the same result. In fact, the results following “ 100—” per 
cent. CO, were very similar to those of various tensions down to as 
low as about 30 or 40 per cent. CO,. Inasmuch as most of the 
work here reported is not concerned with more than a semi-quan- 
titative estimate of the gases, it is believed that the method is 
sufficiently accurate. 

In striking contrast to the extensive diminution in available 
oxygen which the eggs seem to tolerate is the effect upon cleavage 
of even very small amounts of carbon dioxide. The repression 
of cleavage which occurs when, in the laboratory, the eggs are 
subjected to overcrowding is a familiar example of the effects 
which may be produced simply by the CO, which arises from the 
metabolism of the cells themselves. Experimentally, sea water 
containing as little CO, as 10 per cent. of saturation value was 
found, after an exposure of twenty minutes to delay cleavage 
twelve and one half minutes, while exposures of equal length to 
30 per cent. and 40 per cent. CO, were found to delay cleavage 
a longer time—about twenty-three minutes. Apparently this latter 


value of 40 per cent. saturation or 300 mm. Hg represents prac- 
tically a complete suppression of cleavage since it is approximately 
the same value as is gbtained with higher tensions. 
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TABLE II. 


PERCENTAGE OF Eccs CLEAVED DURING Exposure To CO,,. 


Experiment. No. 130. No. 131. No. 129. No. 120. 


22.3° 21.7°-22.1° | 21.3°-22.4° | 21.2°-21.6° 
15% 20% 30% 80% 
6.25 6.2 5.05 5.2 
Exposures (in minutes): 
80’ past 10.9% 0% 
go’ 27-7% 
100’ 
120’ 
140’ cdmattace aie 56.8% 
160’ 
200’ 
300’ 
640’.... 








It is evident from Table II. that with less than 30 per cent. 
saturation the repression of cleavage is not complete, but only 
partial. Ata value of 30 per cent., repression is almost complete, 
since only 7 per cent. and 44 per cent. of the eggs were able to 
cleave in three and one third and five hours respectively. It will 
be shown later in the paper that the effects of 30 per cent. and 
40 per cent. CO, are so similar to those produced by greater 
amounts, that it is reasonable to suppose that at a saturation of 
40 per cent. and over, representing a tension of 300 mm. Hg or 
more, the suppression of cleavage is practically complete. There- 
fore not only can very small amounts of CO, in the surrounding 
medium cause an appreciable delay in cleavage, but also its maxi- 
mum action in suppressing cleavage is approached at values far 
below saturation. 

Notwithstanding the prompt and extensive check upon cleavage 
which carbon dioxide produces, the reversibility of its effects upon 
returning the eggs to sea water serves to indicate that the action 
has been of a narcotic rather than of a purely toxic nature. After 
exposures of twenty minutes to sea water practically saturated 
with CO, there are usually no abnormalities in cleavage, and 
larve develop which show little or no difference from the normal 
controls. Following longer exposures, abnormalities appear, al- 
though they are relatively few in number with exposures of less 
than an hour. In spite of the presence of many abnormally 
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cleaved eggs, a few ciliated larve have been found to develop 
after an exposure of two and one half hours, and the first cleavage 
has made its appearance in 95 per cent. to 100 per cent. of the 
eggs subjected to very nearly 100 per cent. CO, for this length of 
time, though relatively few normal larve were obtainable after 
such long exposures. In one experiment—that illustrated in 
Table III.—exposure of the eggs to 80 per cent. CO, for over ten 
hours still permitted reversibility of the cleavage process to the 
extent that, six hours after the eggs had been returned to sea 
water, 88 per cent. were found to have divided, although develop- 
ment was very abnormal and went no farther than the first few 
cleavage stages. Apparently the process of nuclear division is 
an extremely powerful one and, as has been observed by others, 
can persist even when the cell itself is unable to divide. 

Fig. 2 is a typical illustration of the series of cleavage curves 
which are obtained with various lengths of exposure to a rela- 
tively high tension of carbon dioxide. It will be observed that 
the first cleavage ultimately occurs in practically all of the eggs, 
even after prolonged exposures. The relation of the exposure 
time to the total retardation is a matter of some importance in in- 
dicating the nature of the observed effects. If the narcosis pro- 
duced by carbon dioxide were complete and were followed by in- 
stantaneous recovery the resulting retardation of cleavage, as com- 
pared with normal controls, should be exactly equal to the time 
of exposure. Incomplete narcosis, on the other hand, would tend 
to shorten, and a more gradual recovery, to lengthen, the period 
of retardation. Theoretically, a combination of these two effects 
might conceivably, under a given set of conditions, result in a net 
retardation exactly equal to the period of the exposure, but it is 
believed that such a balancing of effects could not account for the 
results about to be described. Since with all tensions above ap- 
proximately 30 per cent. saturation the relation of time of expo- 
sure to total retardation is essentially the same, it is difficult to 
imagine that the CO, tension should, above this point, either be 
without effect on a measurable rate of development or that a de- 
crease in this rate should always be followed by a correspondingly 
increased rate of recovery. The reasonable interpretation of the 
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facts is that development is practically suppressed by the higher 
tensions of CO,. The correctness of this view is also indicated 
by the fact that cleavage was not obtained during prolonged ex- 
posures to such solutions. 


PER 


0 120 150 180 
MIN. 
Fic. 2. The times required for the appearance of the first cleavage of 
Arbacia eggs following various lengths of exposure to sea water 80 per 
cent. saturated with CO,,. Temperature, 21.2°-21.6°. Abscissa = time, in 
minutes, after insemination. Ordinate percentage of eggs showing the 
first cleavage. 
Symbol. Length of Exposure. 
@ Dots 0 minutes 
x Crosses 5 minutes 
O Circles 10 minutes 
pS a ee 20 minutes 
Pe ee ee 35 (?) minutes 
A Solid Triangles 80 minutes 


For each of the six curves the final value, omitted from lack of space, was 
100 per cent., except in the case of the twenty minutes exposure, where it 
was 98 per cent. There have also been omitted the cleavage curves follow- 
ing exposures of 160, 320, and 640 minutes, which ultimately showed cleav- 
age in 97 per cent., 99 per cent., and 88 per cent. -of the eggs respectively. 

Table III. gives the delay in 50 per cent. cleavage corresponding to each 
cleavage curve of the complete series. 


The relation between time of exposure and retardation of de- 
velopment is shown for a typical experiment in Table III., the 


values for 50 per cent. cleavage having been taken from the curves 
in Fig. 2. 
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TABLE III. 


Tue DeLay IN 50 PER CENT. CLEAVAGE CAUSED BY VARIOUS EXPosuURES 
To 80 per cENT. CO.. 


(Experiment illustrated in Fig. 2.) 
Exposure Time 


Delay in 50 per cent. Cleavage 
(in Minutes). 


(in Minutes). 


320° 
640’ 


It will be observed that with the shorter exposures the recovery 
of the cleavage process may occur with great rapidity, the delay 
being but little more than the time corresponding to the period of 
exposure. Consequently, it has very often been found possible, 
in performing experiments, to predict the beginning of cleavage 


with a fair degree of accuracy simply by adding the exposure time 
to that required for the beginning of cleavage in the normal. As 
exposures become longer, the greater discrepancy between the 
exposure time and the delay of cleavage is wholly in one direction 
—that of prolonging the cleavage time. A further analysis of 
the data shows even in this respect a simple relation which may 
best be brought out by plotting the time required for 50 per cent. 
cleavage against the time of exposure, as has been done in Fig. 3. 
It will be noticed that straight lines may be drawn through the 
points representing any given experiment. Those indicated in 
the figure have been calculated by the method of least squares, 
with the result that the slopes of all the lines are approximately 
equal. All may be represented fairly accurately by the equation 


y=a+1.182, 


where a= the cleavage time of the eggs in the absence of CO,; 
« =the time of exposure, and y= the cleavage time of the ex- 
posed eggs. Further data are given in Table IV. 
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Fic. 3. The relation between the time required for 50 per cent. cleavage 
of Arbacia eggs and the duration of exposure to CO, at values from 30 
per cent. saturation to practically complete saturation. Abscissa = minutes 
of exposure to CO,. Ordinate = minutes required for cleavage in 50 per 
cent. of the eggs. Details are given in Table IV. 


Symbol. Experiment. 
O Circles . 119 
x Crosses . 120 
A Hollow Triangles ¥ 238 
a Solid Triangles 3a 


. 128 
() Squares : . 129 


(From lack of space, several values for exposures of over 120 minutes have 
not been included. These values were, however, used in calculating the 
equations the average of which—y = 60.2 -+ 1.18%—gives the straight line 
shown in this figure.) The slope of the curve would be unity, if recovery 
of the eggs were instantaneous upon their removal from CO,,. 
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TABLE IV. 


EQUATIONS FOR THE RETARDATION OF 50 PER CENT. CLEAVAGE IN Arbacia 
Eccs 1n SEA WATER 30 PER CENT. TO “ 100—” PER CENT. SATURATED 


witH CO.. 


—==— — - 





Temper- 
ature. 


Oxygen 


Sunastenant, CDs C ; 
Experiment. |CO2 Content Content. 


Slope. 





| 

| ture. 
No. 119... . "oF Trace 20.6°-21.2° 58.3 -192 
No. 120.....} 20% 21.2°-21.6° 52. -182 
es) I ig "Oo Trace 20.4°-20.7° : -IQI 
No. 122 4 "% Trace 20.7°-20. 8° 5. -194 
No. 198. .... 20% 20.8° 21.3° 59.35 -23 
No. Yo 20% 21.3°-22.4° ‘ .07 
Mean Values. ets 18 


(A preliminary experiment which showed a slope of 1.7 has been omitted 
from the average since this value differs widely from those subsequently 
obtained. ) 


The numerical value—1.18—of the slope of the lines in Fig. 
3 shows that the retardation in cleavage produced by a given ex- 
posure is nearly, though not exactly, equal to the time of exposure. 
A value of unity would indicate exact equality. The fact that the 
slopes of the various lines are nearly the same is an indication of 
the general similarity, already mentioned, of the CO, effects at all 
tensions above 30 per cent. of saturation. The different values 
of the intercepts are without significance in this connection, since 


they represent merely the normal time of cleavage in those eggs 
which were not exposed to carbon dioxide. 


SUMMARY. 


The first cleavage of the fertilized eggs of Arbacia is en- 
tirely suppressed, or practically so, in the presence of amounts of 
carbon dioxide greater than those corresponding to a 40 per cent. 
saturation of sea water or a tension of approximately 300 mm. 
Hg. In the presence of smaller amounts of carbon dioxide cleav- 
age is possible, but is greatly delayed. 

2. Since a very considerable oxygen deficiency causes only a 
slight delay in the cleavage process, the factor of oxygen lack is 
probably a negligible one in the results here described. 

3. The effects of a complete suppression of the cleavage process 
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in sea water practically saturated with carbon dioxide are readily 
reversible up to exposures of twenty minutes. Beyond that point 
abnormalities may appear, though after exposures of two and one 
half hours 95 to 100 per cent. of the eggs ultimately divide. 

4. The after effects of exposures of moderate length to carbon 
dioxide are comparatively slight, the delay in the first cleavage 
being only a little greater than the actual time of exposure. 
Mathematically, the relation 


y=a+ 1.184% 


(where a= normal cleavage time; += time of exposure; and y 


= cleavage time of the exposed eggs) has been found to describe 
fairly accurately the results obtained at 21.4° (+ 1.°) with sea 
water from 30 per cent. saturation to almost complete saturation. 


I am glad to have this opportunity to express my gratitude to 
Dr. M. H. Jacobs for his suggestion of this problem and for his 
continued interest in the progress of the work. 
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ORIGIN AND DESCRIPTION OF BRISTLE IN 
DROSOPHILA MELANOGASTER. 


ROBERT L. KING, 


ZoOLoGICAL LABORATORY, UNIVERSITY OF PENNSYLVANIA. 


OricIn AND DESCRIPTION OF BRISTLE IN D. melanogaster. 


In an experiment designed to test the combined effect of tem- 
perature and the genes linked with Curly upon crossing-over in 
the third linkage group, Dichete females were mated with sepia 
spineless sooty rough Curly males. Among the 163 offspring of 
such a mating there appeared on April 11, 1925, two Dichete 
females with the bristles on the head and thorax shorter (1/2 to 
3/4 the length of corresponding bristles on the wild type) and 
slightly thicker than those in the wild type and slightly irregular 
in outline with a tendency to be twisted and truncate. The new 
character is called Bristle in the following account (Symbol B1.). 
The fact that only two unusual females were found among so many 
made it seem improbable that the character difference depended 
upon a recessive or a sex-linked factor difference. Thus by ex- 
clusion, it was supposed that the mutant gene was dominant. 
Further the two individuals probably owed their appearance to a 
single mutation which may have occurred either in the late 
oogonial divisions of the female, or, in the spermatocyte or late 
spermatogonial divisions of the male parent. Since the male 
carried the dominant Curly and the female the dominant Dichzte 
it is more probable that the mutation occurred in the female since 
both individuals were not Curly. 

These two females were mated with wild type males and their 
offspring (which were not counted) included Dichete, Bristle, 
Dichete Bristle and wild type flies. A number of the female 
Dichete Bristle offspring were mated separately with homozygous 
Lobe males. Half the offspring were Bristle which supported the 
assumption that Bristle was dominant ; half the Bristle individuals 
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were also Dichzte indicating that D and BI are probably in differ- 
ent linkage groups (Table I.). 

F, Dichete Bristle Lobe males were mated with wild type 
females and F, Dichete Bristle Lobe females were mated with 
wild type males. The male black-crosses showed no recombina- 
tion of Bl and L so that BI is in the second linkage group. The 
female back-crosses gave a cross-over value of 18.1 per cent. 
between L and BI (Table I.). 


TABLE I. 


, DicH2TE BristLe 2 X Lose d. 


DL. 


146 


B. C., F, Dicna#te Bristte Lope ¢ X Witp Type 9. 


188 


DL. Bl. } D BI. 
| 


169 


B. C., F, Dich#te Bristte Lose 2? X Witp TyPe Jo 
(DicH2TE Not CLASSIFIED). 





BI. | ; | Wild Type. 


222 | 60 


In order to find the approximate location of Bl in the second 
linkage group F, Bristle females from matings of Bristle & black 
purple curved were back-crossed to black purple curved males. 
The results (Table II.) show that Bl lies to the right of purple 
and give the following cross-over values b—p 6.5 per cent; p—Bl 
0.18 per cent.; Bl-c 14.6 per cent. and p-c 14.8 per cent. (The 
standard values are b—p 6 per cent. and p—c 21 per cent. No ex- 
planation was found for the discrepancy in the purple-curved 
region.) As there were only three cross-overs between Bl and 
p, one of which was also a cross-over between b and p (a rare 
occurrence in 6.7 units) it seemed advisable to make further tests. 





DESCRIPTION OF BRISTLE IN D. MELANOGASTER. 


Taste II. 


ie BristLte 2 X Brack Puree Curven ¢. 


Wild Type. 





bpc-Bl. bBl-pc. 


725 576 33 «SS 





1301 88 


A black purple Bristle curved stock was made up by crossing 
the black purple Bristle female (which was also heterozygous for 
curved) from Table II. with a black purple curved male. F, 
Bristle females from mating of black purple Bristle curved < wild 
type raised at 31 degrees C. were back-crossed to black purple 
curved males for six days only with the results shown in Table 
III. The recombination percentages are as follows: b-p 14.9 
per cernt.; p-Bl 1.6 per cent.; Bl—c 23.7 per cent. and p—c 25.3 per 
cent. which correspond with the values b—p 14.0 per cent. and p—c 
26.7 per cent. found by Plough (’17) for the same temperature. 


TABLE III. 
oa Brack PurpLe Bristte Curvep 9X Witp Type ¢ at 31° C. 


F, Bristle 2X black purple curved ¢ 6 days only. 


neuen 





bpBlc- P 
Wild Type. bpBl-c. bpBl-c. be-pBl. bp-Blc. 


167 198 35 25 





365 60 


That Bristle is lethal when homozygous was indicated when 
Bristle males and females (from Table I.) were inbred. Such 
matings gave approximately 2/3 Bristle and 1/3 wild type off- 
spring (Table IV.). Further demonstration was obtained as 
follows: A black Bristle curved male (from Table II.) was mated 
to a wild type female and F, males and females were inbred. 
The eight curved and one black offspring out of 145 represent 
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cross-overs and show that homozygous Bristle is not viable. This 
is further shown by the inbreeding of F, Bristle males and females 
from a cross of Bristle purple (from Table II.) with wild type. 
No purple offspring appear because purple is so closely linked to 
Bristle. Bristle does not represent a deficiency toward the purple 
region at least. A balanced lethal stock with Bristle and Lobe 
linked, balanced against Curly has been made up and should prove 
of some value in quickly locating genes in the second linkage group. 


TABLE IV. 


BristLeE 2 X Bristle ¢ (FROM TABLE I.). 


Wild Type. 


Brack BristLe Curveo o6 X WiLp Type 9. 
e. Bristle ¢ and @ inbred. 


——- a 





Wild Type. Ble. 





62 8 


| 
| 
| 


m, BristLE PurpLte 2 &X Witp Type ¢. 
F, Bristle ¢ and @ inbred. 


Wild Type. 


SUMMARY. 


1. A new bristle form in Drosophila melanogaster has been 
found and named Bristle, BI. 

2. The mutant gene is a dominant, lethal when homozygous. 

3. The locus of Bl lies 0.18 per cent. to the right of purple at 
approximately 54.8 in the second linkage group. 

4. A stock of Bristle Lobe balanced against Curly has been 
made up and is available for use. 
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EXPERIMENTAL LOCALIZATION OF NEW AXES IN 
CORYMORPHA WITHOUT OBLITERATION OF 
THE ORIGINAL POLARITY. 


C. M CHILD, 


Hutt Zo6.tocicaL LABoRATORY, THE UNIVERSITY OF CHICAGO. 


The various lines of evidence demonstrating the existence of 
physiological gradients in Corymorpha have been considered in 
earlier papers (Child and Hyman, ’26, Child, ’26a, ’26b). In the 
last of these papers it was shown that the differential resulting 
from contact of one end of a stem piece with the bottom and free 
exposure of the other may determine the one as basal, the other as 
apical, irrespective of the original polarity. In accordance with 
this fact it was shown that in pieces undergoing reconstitution on 
the bottom the bipolar frequency is lower and the unipolar fre- 
quency higher than in those supported on loose cotton near the 
surface of the water so that the ends are more nearly equally ex- 
posed. In other papers it was shown that pieces after subjection 
to various inhibiting agents may develop new polarities and sym- 
metries quite independent of the original axes and of the cut ends 
(Child, ’27a, b). Apparently the inhibiting agents decrease or 
obliterate the original polarity and symmetry and the localizing 
influence of the cut ends and under these conditions the differential 
of position becomes more effective in localizing apical ends on 
the free surface and basal ends on the surface in contact or near 
the bottom. 

The present paper is concerned with some further experiments 
on the determination of new polarities. In these experiments the 
new axes are localized as centers of high metabolic activity and 
growth without obliterating the original polarity. 


EXPERIMENTAL. 


No indication of development of new hydranths by budding has 
been observed in Corymorpha. Among thousands of individuals 
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collected, only a single case of more than one hydranth on one 
stem has been observed. In this case the stem was single over most 
of its length, but divided into two distally and each of these bore 
a hydranth. The two hydranths were equal in size and it was not 
possible to distinguish one as terminal, the other as lateral. An- 
other individual collected possessed a lateral stem outgrowth some 
ten mm. in length but without hydranth or base at its tip. A 
third individual possessed two manubria. These are the only cases 
of axial multiplication found thus far in the collected material. 
Considering the high frequency of such multiplication under ex- 
perimental conditions (Child, ’27 a, b) it seems remarkable that 
it does not occur more frequently in nature. 

A simple lateral cut with smooth edges, extending a third or 
even half way through the stem closes within an hour or two under 
normal conditions and no new apical end or other outgrowth re- 
sults from it. An earlier experiment on pieces of the actinian, 
Harenactis, suggested that a modification of the procedure em- 
ployed in that case might determine a new polarity and symmetry 
in lateral stem regions of Corymorpha. In the case of Harenactis 
it was found that when mesenteries and muscles were much in- 
jured or in large part removed the shorter transverse pieces con- 
tracted in such a way as to bring distal and proximal cut edges of 
the body wall together and union took place between these edges 
about the whole circumference, giving rise to ‘ rings’ (Child, ’o9b). 
It was found further that in places where the union between the 
cut edges was smooth and without much new tissue no out- 
growths developed along the line of union, while in places where 
more new tissue developed groups of tentacles appeared. This 
result led to the further experiment of mutilating opposite regions 
of the two cut edges by means of numerous small cuts close to- 
gether and vertical to the edge. When these two mutilated re- 
gions came together they could not unite smoothly and extensive 
growth of new tissue took place before healing was complete. 
From this new tissue there gradually developed in some cases a 
new normal individual (Child, ’10, Figs. 5, 6). The new apical 
region appeared only after complete closure of the wound by new 
tissue. This new tissue gradually bulged outward because of the 
internal water pressure, continued to grow and finally developed 
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as a new polar axis. The radial symmetry accompanying this new 
polarity seemed to be primarily merely an expression of the like- 
ness of all radii in a plane vertical to the polar axis. 

In the hope that it might be possible to determine a new polarity 
from the lateral stem region of Corymorpha in a manner some- 
what similar to that employed in Harenactis the stems were cut 
as follows: with small, fine-pointed scissors cuts one to two mm. 
in length, radiating from a center, were made as indicated in Fig. 
1, the purpose of the operation being merely to localize a region 
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Fics. 1-4. Development of hydranth from lateral region of growth de- 
termined by radiating cuts as shown in Fig. 1. 


of active cells. In all cases the original hydranth was removed in 
order that its dominance might not interfere with the development 
of a lateral hydranth and in seme of the earlier series the new 
hydranths which developed at one or both ends of the piece were 
also removed in early stages for the same reason, but this was 
found to be unnecessary. Closure of this wound was slower than 
in case of a simple cut, but was usually complete in twelve to 
twenty-four hours. In the successful operations the region began 
to bulge soon after closure (Fig. 2) and soon became a definite 
rounded outgrowth which underwent elongation (Fig. 3) and 
after two or three days attained the form of a hydranth with 
early stages of tentacles (Fig. 4). 

Figures 5-18 show characteristic results of this operation. In 
all figures the region of stem covered with perisarc is indicated 
by heavier outline than other regions and the perisarcal accumula- 
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tion at the basal end is indicated by dotting. Fig. 5 is a case of 
new lateral polarity in a piece some twenty-five mm. in length from 
the middle of the naked region of a 70-80 mm. animal at a stage 
four days after operation. The apical hydranth of the piece is 
the second one developed, the first having been removed two days 


after section. The apical and the lateral hydranth are so near to- 
gether that they mutually inhibit tentacle development on the 
sides facing each other and so have acquired a dorsoventrality 
with respect to each other. The side of the stem opposite the 
lateral hydranth shows an outgrowth which later becomes a base. 


Fics. 5-8. Development of new axes from lateral regions of growth 
determined by injury. Pieces 25 mm. in length from middle of naked 
region of animals 70-80 mm. Figures are about twice natural size. Figs. 


5 and 6, two stages of a piece developing a complete new axis at right 
angles to the original polarity. Figs. 7 and 8, two stages of a piece which 


develops a new basal end in relation to both lateral and apical hydranth. 


Fig. 6 represents the condition of the piece three days later. The 
two hydranths have now developed separate stems and a new 
base has arisen opposite the lateral hydranth. This development 
of a new individual from the apical end basipetally following the 
localization of the new apical end by the injury is an excellent ex- 
ample of apicobasal dominance. The localization of an active 
region by the injury determined a new hydranth, this determined 
successive stem regions basipetally until finally a new basal end 
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was determined on the opposite side of the piece, that is, the dom- 
inance of the new axis became effective through the stem at right 
angles to the original polarity. Contact with the substratum may 
have assisted in determining the lateral stem region as a basal end 
(Child, ’27a, b, c), though this region was not found in contact 
when the piece was observed, but if the new polarity were not con- 
cerned in localizing the base it would probably have arisen at or 
near the proximal end of the piece. At this stage then the piece 
represents two distinct polarities at right angles to each other. In 
later stages the form became bipolar-unipolar, the new base be- 
coming the base for both hydranths and the stem region proximal 
to the lateral polarity gradually undergoing resorption. 

Fig. 7 shows another case from the same series at a stage four 
days after operation. Here also the first apical hydranth was 
removed and the figure shows the second developing. Fig. 8 
shows the same form three days later. Lateral stem regions are 
developing into a new basal end in relation to each hydranth. In 
this case as in the preceding, contact may perhaps have been con- 
cerned in producing conditions favorable to base development from 
the side of the piece, but the localization of the two bases in rela- 
tion to the hydranths indicates that the more distal regions of each 
axis were to some extent concerned in localizing the bases. In 
this case also the region of the stem proximal to the lateral hy- 
dranth was gradually resorbed and the form became biapical and 
bibasal. The two individuals would probably have separated 
completely like most other double forms if they had been kept 
long enough. 

In both of these cases the proximal stem region apparently 
cannot maintain itself in the presence of the new lateral polarity 
and is resorbed. The new polarity obliterates the old, probably 
because the new represents higher levels of metabolism and so is 
able to grow at the expense of the older stem regions. Such 
growth of new axes at the expense of old stem regions has been 
observed frequently in other experiments (Child, ’27a). 

Figs. 9-13 show cases from another series in which the pieces 
included the whole or almost the whole length of the naked region 
of 50-60 mm. animals. The figures show stages five days after 
section. In Figs. 9 and 10 the lateral axes have not developed 
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basal ends, but in Fig. 11 a basal end is developing opposite the 
lateral hydranth and in Fig. 12 two hydranths have developed 
from the lateral outgrowth. Fig. 13, a piece of another series 
from 70-80 mm. animals three days after section is another case 
of two lateral hydranths. 


Wl 
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Fics 9-13. Other cases of lateral hydranth development from region 
of growth determined by injury. Figs. 9-12 from pieces including the 
whole naked region of 50-60 mm. animals. Fig. 13 from piece including 
whole naked region of 70-80 mm. animal. The figures are slightly above 
natural size. 


This lateral operation has been performed on thirty-five stem 
pieces and of these fifteen, or forty-three per cent. have given 
rise under standard conditions to new lateral axes consisting of at 
least a hydranth and more or less stem. Twenty pieces, fifty- 
seven per cent., healed without giving rise to new axes. Among 
the new lateral axes three, i.c., nine per cent. of the total, became 
complete by the development of a basal end from the lateral stem 
region opposite the lateral hydranth. 

It has been shown in earlier papers (Child, ’26b, ’27h, b), that 
either cut end or both, or any other region of a piece may develop 
as a basal end under inhibiting external conditions. In the light 
of these results it is to be expected that regions of laterai injury 
may also be made to develop as basal structures under inhibiting 
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conditions. Up to the present, however, only one experiment of 
this sort under inhibiting conditions has been carried out, but its 
results are conclusive. Of the twenty pieces each including the © 
naked and half the perisarcal region, which were used in this ex- 
periment fourteen, seventy per cent. gave rise to basal structures 
in the region of lateral injury and one, five per cent., to a hydranth, 


Is 


Fics. 14-18. Cases of development under inhibiting conditions of basal 
structures from lateral growing region determined by injury. Pieces in- 
clude whole naked and half perisarcal region of 50 mm. animals. Figures 
are about twice natural size. 


while five, twenty-five per cent., healed without outgrowth. Figs. 
14-18 show characteristic cases from this series four days after 


operation. In Fig. 14 the region of injury has developed merely 
a few holdfast or stolon buds, while in Figs. 15 and 16 stolon buds 
are present at the tip of a general basal outgrowth. In the case 


of Fig. 17 the stolon buds in the region of injury are more numer- 
ous and attain greater length than in any other case. In Fig. 18 
the region of injury has given rise to two basal outgrowths. These 
cases are sufficient to demonstrate that the lateral injury may 


develop as a basal as well as an apical end. 


DISCUSSION. 


The experiments described above show that it is possible to 
localize new polarities in Corymorpha stems even without pre- 
viously obliterating or decreasing the original polarity by means 


of inhibiting agents. It is important to note that these new polari- 
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ties resulting from lateral injury are not similar to the lateral 
partial discs which result from a transverse cut part way through 
the body in Cerianthus (Loeb, ’91, Child, ’05, 08) and Harenactis 
(Child, ’oga). In those forms the opening remains because the 
cut edges of body wall and oesophagus unite and the new partial 
disc develops entirely on the proximal side of the cur, just as a 
disc develops on any distal cut end of a piece. In the case of 
Corymorpha the wound closes completely in the course of a few 
hours and it is only through the continued growth of the region 
after closure of the wound that the new axis is determined. If 
the injury does not initiate such growth no new axis develops. 
These new lateral polarities are essentially induced buds and 
like other buds they give us important evidence concerning the 
origin and nature of new axes. If we observe, without theoretical 
prejudice, what happens in such a process, we see that the new axis 
originates as a local region of growth and becomes visible as an 
outgrowth of the body wall (Fig. 2) because the growth activity 
is evidently greatest in its middle region and decreases peripher- 
ally in all directions. The early rounded outgrowth undergoes 
elongation and the more active middle region necessarily becomes 
its tip (Fig. 3), in other words, the region of growth has now be- 
come a physiological axis characterized by a gradient in activity 
decreasing from the tip basipetally. There can be no doubt that 
when such a gradient is once determined in a particular kind of 
protoplasm the constitution of the protoplasm will play the chief 
part in determining its steepness, its length and the changes which 
it undergoes during development. If we admit this, it follows 
that however the gradient is determined its definitive form will 


be the same in a protoplasm of a certain constitution, consequently 


a gradient such as the one under consideration, determined by a 
local injury will determine the same course of development, i.e., 
the same kind of an axis as the gradient in embryonic development, 
if the condition of the cells in the region of active growth is similar 
to that of embryonic cells of Cormorpha. If we take the facts 
as they stand it seems that there is no adequate reason to regard 
a polar axis in its simplest form as anything more than such a 
gradient as this. Experiment shows that when such a gradient 
is determined a new axis is determined and when the gradient is 





LOCALIZATION OF NEW AXES IN CORYMORPHA. 477 
\ 
obliterated the polarity is obliterated, so far as can be determined. 


It has been shown for many forms, both plant and animal, that 
buds originate as gradients of this sort, resulting merely from the 
localization of an active region which is not sharply marked off 
from its surroundings but shows a gradient of decreasing activity 
from a central region toward the periphery. In consequence of 
differential growth, which itself results from the existence of this 
gradient, the radial gradient becomes an apicobasal gradient and 
a polar axis. There is no evidence to indicate that a polar axis 
is primarily anything more than such a dynamic differential with 
its structural protoplasmic correlates, or that differentiation along 
an axis requires anything more for its initiation than the quanti- 
tative differences at different levels of such a gradient. 

The development of basal instead of apical structures from a 
lateral injury under inhibiting conditions is in complete agreement 
with the results of other experiments. It has been shown that the 
basal region of Corymorpha represents a secondary gradient which 
originates at the low end of the primary gradient (Child and Hy- 
man, ’26; Child, ’26a). The high end of this secondary gradient, 
so long as it persists, is the basal tip and the slender modified 
stolons which constitute the holdfasts develop as lateral buds along 
this secondary gradient. These stolons show extremely rapid 
growth, but they originate only in regions of relatively low activity. 
When the activity of the region of lateral injury is decreased to 
a certain degree by inhibiting factors, the conditions must become 
more or less similar to those existing at the lower end of the pri- 
mary gradient, and the lateral injury, like the lower end of the 
primary gradient, develops as a basal region. Whether a single 
basal outgrowth bearing stolon buds, or merely the stolon buds 
appear probably depends on various factors, e.g., the degree of 
inhibition, the presence or absence of a definite growth region, etc. 
If a single general basal outgrowth arises the further development 
of the basal gradient and basal region follows in the same way as 
the development of the hydranth-stem gradient and region. Even 
if the central growth area resulting from the injury is not suffi- 
ciently well defined to determine a single general basal outgrowth, 
new stolon buds may be determined in relation to the entodermal 
canals or parts of canals in the injured region. Since the canals 
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have been mutilated by the injury the arrangement of the stolon 
buds is likely to be irregular, as in Figs. 14-18. 

Development of two apical or basal ends from the region of 
injury is undoubtedly a result of determination by the injury of 
two regions of activity instead of one. Duplication of this kind 
has been very widely observed in many forms as a result of split- 
ting or otherwise dividing a growing region into two. 

One of the most interesting results of these experiments is the 
determination by the more distal levels of the new axis of a basal 
region on the opposite side of the stem where there is no injury 
(Figs. 5,6, 8,12). Itis evident that the development of the distal 
region of the new axis has in some way altered conditions in the 
region of the stem which gives rise to the base, but it has been 
shown that contact or nearness to the bottom and the action of 
various inhibiting agents may alter conditions in the same direc- 
tion in regions of the stem (Child, ’26b, ’27a, b). This being the 
case there is no good reason for supposing that the changes which 
initiate the development of the basal end are anything more than 
quantitative changes in physiological condition determined by the 
presence of the new gradient. In the case of Fig. 8 in which the 
apical hydranth takes up a more or less lateral position because of 
the position of the piece, it, as well as the lateral hydranth, develops 
a new basal end, perhaps with the assistance of the conditions re- 
sulting from contact of the region concerned with the bottom. 

The new lateral axis develops the characteristic radial symmetry, 
except in cases such as Fig. 5, in which the differential resulting 
from proximity of the other hydranth determines mutual and op- 
posed dorsoventrality. If we examine the facts, again without 
theoretical prejudice, it appears that the radial symmetry of the 
axis is primarily nothing more than likeness of all radii in a plane 
perpendicular to the polar axis. The primary growing region 
determined by the injury is more or less radially symmetrical be- 
cause its activity decreases radially from a center and as it becomes 
a definite outgrowth (Figs. 2, 3) its radial symmetry appears to 
result from this radial differential and from the fact that a surface- 
interior differential exists at all points. With the localization of 
tentacles certain radii become different from others. The factors 


concerned in tentacle localization have been but little investi- 
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gated, but it is difficult to believe that the localization begins in- 
dependently of external factors of some sort which determine 
where the first tentacle or tentacles shall appear. In the ordinary 
course of reconstitution the entodermal canals are important fac- 
tors in localizing the new tentacles, as Torrey has shown (Torrey, 
’10). Factors concerned in tentacle localization in the lateral 
polarities have not been studied, but they will probably be found 
in the relations of the growing region to the rest of the stem. 
Study of Hydra and various hydroids indicates that localization 
of a single tentacle is sufficient to initiate the orderly development 
of others. Torrey’s study of the order of appearance of tentacles 
in the embryonic development of Corymorpha is interesting in 
this connection as indicating that different localizing factors are 
concerned in different individuals for he finds that the process does 
not follow a uniform course (Torrey, ’07). Apparently each 
region of growth, whether tentacle or other organ, dominates a 
certain area so that a similar organ cannot dévelop within that 
area. When a particular tentacle is localized, for example, an- 
other can develop only outside its range of dominance. Any part 
of the circumference in the tentacle forming region is undoubtedly 
capable of giving rise to a tentacle, but the actual localization in 
a particular case must depend on the factors concerned. That 
the outgrowth which becomes a polar axis with a radial symmetry 
can localize its own tentacles independently of any of the external 
differentials to which it is exposed is at least highly improbable 
and seems to require the action of some non-mechanistic ordering 
factor. If these observations and suggestions are correct, radial 
symmetry in these new axes has its origin in the primary likeness 
of radii at any particular level and in the difference between sur- 
face and interior which is present in some form in all organisms. 
The later localization of a series of similar organs in radial ar- 
rangement seems to demand the action of some differential external 
to the parts concerned. 
SuMManRY. 


1. Buds have never been seen to arise from lateral stem regions 
in Corymorpha and a simple transverse cut into the side of the 
stem closes rapidly without development of a bud or other out- 
growth, unless it extends almost through the stem. 
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2. A region of injury produced on the side of the stem by short 
cuts radiating from a center closes less rapidly than the simple 
transverse cut and in many cases gives rise after closure to a 
rounded outgrowth which becomes conical and develops into a 
new hydranth. This hydranth develops a stem at the expense of 
the old stem and in some cases the new axis determines a new 
basal end on the opposite side of the piece, thus completing a polar- 
ity at right angles to the original axis. Occasionally two hy- 
dranths instead of one are localized by the injury. 

3. The experimental data indicate that. the new polarity and 
symmetry are the necessary consequence of the localization of a 
center of cellular activity. The radial gradient of decreasing 
activity from the center peripherally becomes, as growth proceeds, 
the axial gradient and the radial symmetry is primarily merely 
a similarity of all radii vertical to the polar axis at any level. 
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